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Art. I. — On the Deep Placet's of the South and Middle Yuba, Ne- 
vada county, California, in connection with the Middle Yuba and 
JEureka Lake Canal Companies ; by B. Silliman. 

Geographical and Geological position of the Gold in California, — 
The gold of California is found chiefly on the western slopes 
of the Sierra Nevada in rocks believed to be not older geologi- 
cally than the Jurassic. The great gold region of the State, that 
area from which much the^ largest amount of gold bullion 
has been derived, stretches over about three degrees of latitude 
from near Fort Miller on the San Joaquin river in Fresno 
county, north to Deer Creek and the Forks of the Feather river 
in Plumas county, an area of about 200 miles in length and 
of an average width of about 40 miles, although it widens 
toward the north to' about 70 miles from east to west. Its 
approximate area is probably about 1000 square miles. There 
are other important gold-bearing areas, especially those to the 
north near the sea coast, viz : the Waldo or Sailors' diggings, 
the Sea Shore diggings, and a large but not very productive 
district, bounded on the north by the Klamath river, and south 
by Trinity river and the forks of the Sacramento near Shasta. 
In the southern part of California are several subordinate 
gold fields of inconsiderable area, chiefly in the Coast range 
mountains ; such are the Santa Cruz diggings near the coast, 
the San Antonio, the Francesquito, San Fernando, San Gabriel 
and Holcomb valley. These are chiefly interesting historically 
as having furnished the earliest evidence of the existence of 
gold in California, some of the southern gold fields having been 
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well known to tbe Spanish missionaries from an early period, 
long anterior to the date commonly mentioned (1849) for the 
first discovery of gold in California. Prudential consiaerations 
led these ecclesiastics to prevent as far as possible the spread of 
any knowledge respecting the existence of gold on or near 
their mission lands. 

From this statement it will be observed that the gold in 
California is probably of two distinct geological ages, that of 
the Sierra Nevada being Jurassic or Triassic, that of the Coast 
range Cretaceous or Tertiary. 

Sources to which the Oold in California is referahle. — The original 
source from whence all the gold of California has been derived 
is undoubtedly the veins of gold-bearing quartz which occur so 
abundantly in all the slates and metamorphic rocks of the west- 
ern slope of the Sierras within the areas known as the gold re* 
gions. But this original or great source of the precious metal ia 
historically secondary to the shallow and deep diggings or placers, 
in the former of which the gold was first discovered, and which 
during the early years of California history furnished nearly the 
whole of the metal sent into commerce. That the placers were 
derived from the degradation or breaking up of the auriferous 
veins and the distribution of the detritus thus formed by the 
agency of running water and ice does not admit of a question. 
It appears also to be pretty conclusively proved that the gold- 
bearing gravel is of two distinct epochs, both geologically very 
modern, but the later period distinctly separated in time from 
the earlier, and its materials derived chiefly from the breaking up 
and redistribution of the older or deep placers. These appear 
to be distinctly referable to a river system different from that 
which now exists, flowing at a higher level, or over a less eleva- 
ted continental mass, and with more power, but generally in the 
direction of the main valleys of the present system. The reasons 
for this opinion will be hereafter stated mqre at length. 

The sources to which the gold in California is referable are 
therefore 

1st. The distribution of placer gold by the present Eiver Sys- 
tem, giving the * Shallow diggings/ 

2d. The distribution of placer gold by an ancient Eiver Sys- 
tem, known as * Deep diggings.' 

3d. The gold-bearing quartz veins in the metamorphic rocks 
of the Sierra Nevada. 

This is also the order in which the development of the coun- 
try by human industry has brought the gold to light : the com- 
paratively small number of exceptions to this generalization from 
the early workings of quartz mines forming in fact a confirma- 
tion of its general accuracy. 

The Rrst rush of adventurers was to the shallow placers. 
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wtere the gold, chiefly washed out of the older placers, was 
fotind distributed, within reach of the miners who had only a 
pick and shovel or pan. Here the first fruits of labor were 
aometimes very ample, and the capital and skill employed quite 
small. Gradually, as the gold thus superficially distributed be- 
came partly exhausted, streams of water and various contriv- 
ances for * sluicing' were introduced, involving more skill and 
the union of labor with capital. 

It was pretty early discovered that very extensive and valu- 
able deposits of auriferous gravel lay at levels far above the 
present course of the streams, and that to wash these deposits 
lequired the adoption of new methods adapted to meet the case. 
Hence came the so-called Hydraulic process, which, although in 
use now for more than ten years, has yet made barely more 
than a commencement upon the great mass of deep lying 
auriferous shingle which remains to be treated by this method 
of gold washing. 

Finally comes the era of quartz mining in depth, the success- 
fol prosecution of which demanded more skill and capital, as 
well as cheaper labor and better machinery than the early days 
of California furnished. In this man undertakes to do for him- 
self, by the use of his own skill, what in an earlier age nature 
had done for him on a grand scale in breaking up the matrix 
of the precious metal, commencing at the fountain head of the 
stream of gold. 

I propose at present to consider with some detail the second 
of the great sources of gold production, viz : Deep-lying Placers. 
The character of these deposits is well illustrated by a descrip- 
tion of the ground between the south and middle forks of the 
Yuba River, in Nevada county, where this description of gold 
deposit is well exposed in consequence of the considerable 
amount of mining work which has been performed there, the 
whole of this ground being controlled by the waters of the 
Middle Yuba Canal Company, and of the Eureka Lake Water 
Company. 

The Deep Placers of the Yuba. — The Yuba is an affluent of the 
Feather river, which it joins at Marysville on its way to its junc- 
tion with the Sacramento. The South and Middle forks of the 
Yuba river unite with the North Yuba, the course of which is 
nearly at right angles to these two branches, whose mean course 
•is west about 13° south (magnetic), the Feather river running 
about north and south. 

The ridge of land embraced between the South and Middle 
forks of the Yuba is from six to eight miles in width, and to the 
limits of the auriferous gravel, as thus far explored, about 30 
miles, forming an area of about 200 square miles. The elevation 
of this ridge above the sea is, at its western extremity near Fremsh 
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Corral, about 1500 feet, from whence it gradually rises into the 
higb Sierras, the Yuba Gap Pass being 4570 feet above the sea, I 
and the Downieville Buttea about 8840 feet. This Mesopotamia 
is cut up by ravines descending from a central axis both ways 
into the valleys of the two rivers forming 'gulches' with steep 
sides, often beautifully wooded. The more elevated portions of 
the land are covered by a heavy bed of volcanic ashes and 
breccia, which evidently at an earlier day formed a continuooa , 
sheet over not only the tongue of land under consideration, but 
over the adjacent region, as is conspicuoasly seen in the sections 
afforded by the various rivers. This mass of volcanic aahes con- 
tains numerous angular fragments of cellular lava, trachyte, 
basalt, porphyry and volcanic mineral aggregates, quite foreign 
to the general geology of the country. Its thickness varies with 
the topography and drainage of the surface, but it forms the 
summits of all the hills above a certain horizon, and in places 
reaches an elevation of from 2000 to 3000 feet above the level 
of the rivers. Below Columbia the denudation of the surface 
has removed the volcanic matter, leaving the auriferous gravel 
exposed as the upper surface. This volcanic deposit receives 
from the miners the general name of 'cement,' a term it well 
deserves from its compact and tenacious character, mueh re- 
sembling pozzuolaua or Eoman cement. The accompanying sec- 
tion was made by Mr, Hugo Hochholzer to accompany his map 
of the ridge, and represents the line drawn from the Fellows 
Quartz Lode, on the Middle Yuba, southeast through Snow Point 
and Mount Zion, to the South Yuba, 




This section represents a point above most of the deep dig- 
gings, the gravel on this portion of the ridge being generally 
covered by the volcanic cement, so as to be inaccessible by tie 
process of hydraulic working, and available at a later day oaiy- 
bydeep mining. 

It shows the ravines of tte two blanches of the Yuba at ^ 
(middle) andi; (south), the 'bedrock' o, the auriferous graveL 
ft, and the volcanic cement c covering all. The Snow-Point 
Diggings are seen at d, and ihe position of two of the water- 
ditches ate. 

The auriferous gravel varies ia thickness from 80 or 100 feet, 
where it has been exposed to denudation, to 250 feet or more. 
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w^here it is protected from such action. Probably 120 feet is 
not an over-statement for its average thickness in the marginal 
portions, where it has been exposed by working the deep dig- 
gings or hydraulic claims. This vast gravel bed is composed 
of rounded masses of quartz, greenstone, and all the metamor- 
phic rocks which are found in the high Sierras. 

It is often locally stratified, but I could find no evidence of 
any continuity in its beddings. The lower portions are com- 
posed of larger boulders than the upper, as a general rule, but 
this does not exclude the occasional presence of huge boulders 
in the central and upper portions. In a fresh fracture of the 
whole thickness of these deposits, such as may be seen daily in 
the * claims,' which are being actively worked, a striking con- 
trast of color is seen between the lower and upper portions of 
the gravel mass, consequent on the percolation of atmospheric 
, waters and air, oxydizing the iron resulting from the decompo- 
gition of pyrites, and staining the gravel of a lively red and 
yellow color in waving lines and bands, contrasting boldly 
with the blue color of the unoxydized portions. A close exam- 
ination of the blue-colored portion of the gravel shows it to be 
highly impregnated with sulphuret of iron, forming, in fact, the 
chief cementing material which holds the pebbles in a mass as 
firm as conglomerate, requiring the force of gunpowder to break 
it up. 

In the upper portions of these beds are frequent isolated 
patches, often of considerable extent, composed of fine sand, 
clearly showing water lines, curved, sloping or horizontal, but 
never for any distance regular, and in these portions occur 
frequently large quantities of lignite, or fossil wood, little 
changed from its original condition, but blackened to the color 
of coal and flat with pressure. Among these remains are logs 
similar in appearance to the Manzanita, now growing abun- 
dantly on the hills of auriferous gravel. Some of these, which 
I measured, were fifteen to eighteen inches in diameter and ten 
to fifteen feet in length. Occasionally the mass of this ancient 
driftwood accumulated in these eddies of the current, where 
they were deposited with the fine sands, amount almost to a 
continuous bed of lignite. 

Wedge-shaped and lenticular masses of tough yellow and 
whitish clay also occur in the ancient drift, replacing the gravel 
and affording, by their resisting power, a great impediment to 
the operations of mining. 

The ' slacking down ' or disintegration which a few months 
exposure of the hard gravel * cement' produces, is due mainly, 
if not entirely, to the decomposition of the associated pyrites 
before noted. It is remarkable how large a part of the 
smoothed and beautifully rounded stones, even those of large 
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size, undergo a similar slacking by atmospheric action, even in 
a very brief period of time, rendering it almost impossible to 
preserve specimens of the gravelly concrete unless they are pro- 
tected by varnish. The most unyielding of the * cement' masses 
are sometimes left over one season by the miners, exposed to the 
air and frost, to secure the benefits of this disintegration, without 
which but little of the contained gold can be obtained. 

The gold is disseminated throughout the entire mass of this 
great gravel deposit, not uniformly in value, but always in 
greater quantity near its base or on the bed rock. The upper 
half of the deposit is found to be always less in value than the 
lower part, sometimes so poor that it would be unprofitable 
working by itself, but inasmuch as there is no practicable mode 
of working the under stratum without first moving the upper 
portion, in practice the whole is worked. 

The gold rarely occurs in large masses in this ancient gravel. 
Often on the polished and very smooth surfaces of the * be4 
rock' and of the superincumbent masses of gravel when freshly 
raised from their long resting place, the scales of brilliant 
yellow metal are beautifully conspicuous. These are frequently 
inlaid so firmly upon the hard granite floor of the ancient river 
or glacier as to resemble hard stone mosaics. In fact the whole 
surface of the bed rock requires to be worked over by the pick 
to secure the gold entangled in its surface, to a depth, when 
soft, (as of mica or chloritic slate or gneiss,) of several inches. 

The method of extracting the gold from these deposits by 
hydraulic process is described under a subsequent head. 

The Bed JRockj as it is significantly termed by the miners, 
shows everywhere when freshly exposed the most conspicuous 
evidence of aqueous or glacial action. The course and direction 
of the motion which has left its traces everywhere is plainly 
discern able. Nothing would so satisfactorily convey a correct 
idea of the remarkable features of this ancient floor, moulded 
and rounded by water or ice, as a series of good stereoscopic 
photographs such as I hope to secure the present season through 
the kind assistance of Mr. C. F. Watkins, of San Francisco, so 
well known for his admirable California views. The " bed rock" 
varies of course in diflerent portions of the area now under con- 
sideration, being either granite, gneiss, greenstone or shale. In 
the granite are observed numerous minute quartz veins pursuing 
a course parallel to each other often for hundreds of feet without 
interruption. 

In the * American Claim,' at San Juan, the granite is suc- 
ceeded on the^west by a large jointed blue siliceous shale, of the 
same strike with the main joints of the granite. This latter 
rock is covered by numerous very large boulders of meta- 
morphio conglomerate, of which no traces aie aeetv in ijlace. 
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The course of the ancient current where I had an opportunity 
of measuring it, appears to have been about 20°-25° west of 
north, (magnetic,) which it will be observed is nearly at right 
angles to the mean course of the middle and south forks of the 
Yuba ; but it is not far from parallel with the axis of the Sac- 
ramento river valley, or of the great valley between the Coast 
* Bange and the Sierra Nevada. I have noted the same general 
direction of the scratches elsewhere in the great gold region, but 
additional observations are required to justify any comprehen- 
sive generalization. This much appears clearly shown, however, 
by the present state of our knowledge on this subject, viz: that 
the spread of the ancient gold-bearing gravel was produced by 
a cause greatly more elevated than the existing river system, 
or, which is more probable, at a time when the continent was 
less elevated than at present,* and moving in a direction con- 
formable to the course of the valleys of the Sacramento and San 
Joaquim. We find it impossible to admit the existing river- 
system as a cause adequate to the spreading of such vast masses 
of rounded materials ; the facts plainly point to a much greater 
volume of water than any now flowing in the valley. The sec- 
tioa already given illustrates perfectly the relations of the pres- 
ent river-system to the more ancient one whose grand effects are 
chronicled in the bed rock and its vast superincumbent mass of 
auriferous gravel. It serves also to illustrate the process now 
still in progress, by which the existing river system derived 
its gold-bearing sands, in great part at least, from the cutting 
away and secondary distribution of these ancient placers. 

Those who have had the opportunity of visiting other por- 
tions of the great gold region of California than that now 
under consideration will at once recognize the local characters 
of the details given as perfectly consistent with the general 
phenomena of the ancient placers as observed elsewhere ; while 
at the same time great differences are found in many of the 
details. Thus in Calaveras and Tuolumne counties, 80 or 100 
miles &rther south, the volcanic matter capping the auriferous 
gravel is found in the form of basaltic columns, beneath which 
recur the same phenomena already described. Here the wood 
contained in the gravel beds is beautifully agatised, or con- 
verted into semi-opal, as is the case also at Nevada City, Placer- 
ville, and elsewhere, associated with beautiful impressions of 
leaves of plants and trees similar in appearance to those now 
found in this region. 

' It is the opinion of geologists that the largerpart of the erosion excavating the 
ralleys of the continents took place after the Tertiary period. It was probably 
doriDg this same time that the deep-lying auriferous gravel was produced from tb(B 
degradation of the metamorphic schists and quartz veins of the Sierras by the joint 
action of water and of glaciers. 
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This general description of the deep-lying placers of the Yuba 
might be greatly extended from my notes, but enough has 
probably been said to convey the impression that the phenom- 
ena here described are on a grand and comprehensive scale, and , 
referrable to a general cause long anterior in date to the exist- ' 
ing river-system; a cause which has been suflicient to break r: 
down and transport the gold-bearing veins of the Sierras, with * 
their associated metamorphic rocks, thus laying up in store for 
human use deposits of the precious metal in amount, on a scale 
far beyond the notions generally prevailing of the nature of 
placer deposits. 

Quantity of Oold in the Deep Placers of the Tuba. — The exten- 
sive mining operations which, since 1852, have been carried oa 
upon the ridge of land between the South and Middle Yuba riv- 
ers, have supplied the data requisite for a pretty accurate estimate 
of the average value of gold actually saved in mining and wash- 
ing a given quantity of auriferous gravel. Without making an 
exact survey of the ground, it would be impossible to give a 
precise statement of the total quantity of gravel which has been 
washed away, much less of what yet remains to be washed. 
Fortunately, Mr. George Black, a skillful English engineer long 
re^dent in California, has twice made a reconnoissance of the 
ground now under consideration, and his Eeport,' privately 
printed, has been placed at my disposal. I shall use its data 
with freedom so far as they are required to confirm or extend 
my own observations. 

The mining ground in this area stretches along both margins 
of the delta from French Corral, a place near its western ex- 
tremity, in a line pretty closely parallel to the Middle Yuba, 
skirted by the claims known as Birchville, Sweetland's, Sebas- 
topool, the Eureka claims (at North San Juan), Badger's Hill, 
through Grizzly Gulch to Woolsey's Flat, Moore's Flat, Orleans 
Flat, and Snow Point to Eureka, and thence crossing to the 
South Yuba slopes ; it includes Mt. Zion, Belief Hill, Bloomfield, 
Lake City, Grizzly Hill, Columbia, Pleasant Hill, and Monte- 
zuma^ the entire circuit being over sixty miles. 

But I was fully convinced from my own examinations of this 
ground, in November of last year, that but a very small part of 
the mining ground available for early development and quite 
within easy control of the existing flow of water furnished by 
the Middle Yuba Canal Co. and the Eureka Lake Co. has beea 
taken up, much less opened for work. Mr. Black estimates the 
length of the mining claims at present supplied with water by 
the Middle Yuba Canal Co. at five miles, with an average width. 
of three hundred and fifty yards, and an average depth of forty 

' Keport OD tbe Middle Yuba Canal and Eureka Lake Canal, Nevada Co., Cali- 
fomia, i(f (^^oBOiE Black, Civil EngineeT. BttnYianciBco. \%^^. ^^^.^^^ 
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y^rds, making a quantity of one hundred and twenty-three 
millions of cubic yards of auriferous gravel. He also estimates 
that eight per cent of this quantity has been worked away in the 
past twelve years, leaving one hundred and thirteen millions of 
cubic yards which remain for future operations. At an average 
of thirty-four cents of gold to the cubic yard (the average in 
the Yuba region appears to be from thirty cents to forty-five 
cents per cubic yard, saved in the hydraulic process), the vol- 
ume of auriferous gravel here estimated would yield over thirty- 
eight millions of dollars. But the total area of the various 
places where gravel deposits have been worked on this ridge is 
estimated by Mr. Blact as equal to fifteen square miles, all of 
which, and much more, is controlled by the water of the Eu- 
reka Lake Co., or of the Middle Yuba Canal. If this area is esti- 
mated at an average of forty yards in depth (it varies from 
eighty to two hundred and two hundred and fifty feet in depth), 
we shall have one thousand eight hundred fifteen million nine 
hundred and thirty-six thousand cubic yards of gravel, and if 
this be estimated to yield only thirty cents per yard, we reach 
the grand aggregate of five hundred and forty-four million six 
hundred and ten thousand dollars as its probable yield in gold. 

The average cost of the water required to wash away one 
cubic yard of gravel has heretofore been seven and a half cents: 
but if its price is reduced to six and a quarter cents (=16f cents 
for one miner's inch of water) for each cubic yard, the cost of 
the water to perform this work will be nearly one hundred and 
twenty millions of dollars ($119,316,320). It is easy to see 
from these statements that the amount of gold contained in the 
deep placers of the Yuba alone is probably greater than the 
aggregate of all the gold yet exported from the whole Pacific 
coast, which (including silver) amounted on the first of Janu- 
ary, 1865, to $695,944,786.' Mr. Black's estimate of the area 
of mining ground applies only to certain marginal parts of 
the Yuba district which are not covered by the volcanic tufa. 
I saw beyond these limits a vast amount of valuable mining 
ground in this area, all under control of the existing water- 
flow of the Eureka Lake Company. There is little doubt, 
that at a future time a considerable portion of the ground 
covered by volcanic ash beds will be made to yield its pre- 
cious deposit in a day of cheaper labor, and with improved 
methods of mining. At Forrest City, Minnesota, and Alleghany 
town, situated on the north bank of the Middle Yuba, immedi- 
ately opposite Snow Point, the volcanic ash bed covers the 
'great Blue Lead' (part of the ancient auriferous gravel,) where 
it has yielded almost fabulous wealth to the explorers. The 

' Mercantile Gazette for January 12, 1865. 
r Am. Joun. ScL—SscoNif Ssmies, You XL, No. 118.— July, 1S65. 
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* Live Yankee Claim/ for example, at Forrest City, is reported 
to have paid its owners over three millions of dollars. The 
south side of the Middle Yuba yet remains to be explored for 
the continuation of this streak of * rich pay ' which points nearly 
in the direction of the section given in this Report. 

It will be observed that these estimates apply only to the 
value of gold actually saved. That this amount is small com^ 
pared with the total contents of the placers, will appear when 
we come to describe the method by which it is saved, and see 
how crude that process yet is. What goes down the ravines 
from the washing is not all lost, as it is partially washed agaia 
in the rivers below by the Chinese and others, but there are no 
data for determining how much is thus saved. No account is 
taken in this connection of those extremely rich deep placers, 
which, like the workings at Forrest City, &c., just named, and 
other localities, yield gravel so rich in gold that the whole 
mass is often worked in a crushing mill. 

Process of Hydraulic Mining. — With the more or less complete 
exhaustion of the shallow placers in the ravines and river beds 
in California, where the gold was first obtained with little labor 
and by the most simple means, came the necessity of devising a 
system by which the deep placers, like these under consideration, 
could be economically worked. The accomplishing of this ob- 
ject demanded the use of a large amount of capital, to be expen- 
ded in the construction of canals and aqueducts to convey water 
from the mountains and fountain heads of the streams, at a suit- 
able elevation and in sufficient quantity to command the ground 
to be worked, as well also as for the opening of tunnels and 
shafts in the * bed rock,' for the discharge of the gravel, an ope- 
ration requiring much labor and skill, and consuming often sev- 
eral years in their prosecution. 

The association of labor and capital thus demanded, called 
into existence in various parts of the State, Canal and Ditch 
companies, the associates being generally miners, whose lim- 
ited finances were eked out by borrowing money from bank- 
ers, at rates of interest ranging from three to five per centum 
monthly. The Middle Yuba Canal Company was thus organ- 
ized in 1853, and the construction of its hydraulic works 
commenced, the water being brought from a point on the 
Middle Yuba river just below Woolsey's Flat, where the stream 
was dammed, with a total cost, including the various branch 
ditches, reservoirs and extensions, to June 1858, of $397,171.91, 
(since then increased to about $600,000) and with a safe capacity 
of thirty-eight cubic feet of water per second, which can easily 
be increased by inexpensive improvements to sixty cubic feet 
per second. The first named quantity is equal to 1500 inches 
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miner's measurement, the second to 2280 miner's inches.* The 
Eureka Lake Water Company's works, commenced in 1858, have 
cost about one million of dollars. 

Experience has demonstrated that the larger the volume of 
water employed in the process of washing, the more the eflBciency 
I and greater the economy of the operation. The proper applica- 
tion of the great mechanical force furnished by large volumes of 
water under a great pressure was a problem solved satisfactorily 
only after many abortive trials and large experience. This prob- 
lem involves the following conditions. 

1st, The whole mass of auriferous gravel must be moved, 
whatever its depth, quite down to the * bed rock.' 

2d, This must be accomplished by the action of water alone, 
iuman labor being confined to the application of the water, 

)and the preliminary preparations it involves, the amount of 
material to be moved and disposed of in every day often hours 
being from 1500 to 3000 cubic yards for each first class opera- 
tion, involving the use of 400 inches of water. 

Sd, The mechanical disintegration of the compact conglome- 
rate as a part of the uninterrupted operation of the whole system. 

4th, The contemporaneous saving of the gold, without inter- 
rupting the continued flow of the water. 

5th, The disposal of the accumulations resulting from the 
removal of such vast masses of auriferous gravel. 

These conditions are in practice met by the following steps. 
The mining ground being selected, a tunnel is projected from 
the nearest and most convenient ravine, so that starting in 
the *bed rock' on the face of the ravine, it shall approach the 
center of the gravel mass to be moved at a gradient of about one 
in twelve to one in twenty. The dimensions of this tunnel are 
usually six feet in width by seven feet in height, sometimes 
wider; and where possible, it is carried on a line of contact be- 
tween the granite and the shales, for the greater ease of excava- 
tion. These tunnels vary in length from a few hundred feet to 

* The miner's inch of water, in California is that quantity of water wbich will 
piss through an opening of one square inch area under a mean pressure or head of 
six inches. In practice the water from the canal is conducted into a measuring 
box (see the accompanying map for a figure of this box) twelve or fourteen 
feet square, in the sides of which openings are made two inches in height, 
and extending across three of the sides. These openings are closed by slide 
Tal?es when not in use. The sectional area througrh which the water flows deter- 
mines of course the volume by measurement. Thus twenty inches in length of 
slit by two inches in depth, under a head of six inches, is called forty inches miner's 
measurement. A cubic foot (='7*49 U. S. gallons) equals 38 miner's inches. 
The water discharged by one miner's inch in 24 hours is equal to 2,274 cvibic feet, 
or for one working day of ten hours, 1,098 cubic feet. The average consumption of 
▼tter on each mining claim in active work is equal to three hundred miner's inches. 
This quantity of water flowing ten hours is .equal to 829,400 cubic feet or 2,470,600 
United States gallons, a greater quantity than is required for the supply of the city 
of San Fraacisco with & populaticm of over one hundred thousaud peopVe. — Blaclc.. 
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several thousand feet, some of the longer consuming from two 
to four or five years in driving, at a cost of from $10 to $60 per 
foot, varying with the character of the rock to be excavated. 
The end of the tunnel is designed to be from fifty to one hun- 
dred or more feet beneath the under surface of the gravel at a 
point where a shaft is sunk through the gravel and *bed rock' 
until it intersects the tunnel. It obviously demands careful en- 
gineering to carry out works of such magnitude with the accu- 
racy required, and for the want of suflBcient care or skill in this 
particular, years of costly labor and anxious expectation were 
sometimes wasted in the early history of these enterprises. 

The object of this laborious exploration is obvious. The 
long tunnel becomes a sluice-way through the whole length of 
which 'sluice boxes' are laid, at once to direct the stream and 
save the gold. For this purpose a trough of strong planks is 
placed in the tunnel two and a half feet wide and with sides 
high enough above the pavement to control the stream. The 
pavement is usually composed of blocks of wood six inches in 
thickness and as wide as the sluice, cut across the grain of the 
wood. These are placed about two inches apart at the ends 
and held in position by elects of two inches square. In the 
interstices (* rifles') of two inches by four thus left, a small 
portion of quicksilver is placed, to aid in catching the gold 
which finds its way into these hollow spaces. 

The vertical shaft is intended to furnish a fall of sufficient 
height to break up the harder masses of conglomerate and 
cement as the gravelly stream is precipitated, dashing from side 
to side of the shaft, and finally with great force upon its rocky 
bottom. 

The water from the canal is brought by side flumes or aque- 
ducts to the head of the mining ground, with an elevation of 
one hundred to two hundred feet above the bed rock, and it is 
conveyed into the bottom of the mining claims by iron pipes 
sustained on a strong incline of timbers. These pipes are of 
sheet iron, of adequate strength, rivetted at the joints, and meas- 
ure from twelve to eighteen inches in diameter. These commu- 
nicate at the bottom with a strong prismatic box of cast iron, 
in the top and sides of which are openings for the adaptation of 
flexible pipes, made of a very strong fabric of canvass, termin- 
ating in nozzles of metal of two and a half to three inches in 
diameter. From these nozzles the streams are directed against 
the face of the gravel to be washed, with a force comparable to that 
of ordnance. The volume of water employed varies, of course, 
with the work to be done ; but it is not uncommon to see four 
or five such streams, eadi conveying two hundred inches of 
water, acting simultaneously on the face of the same bank. 
Oae tthouBATid miner''s inekes ate ec^uel to tweuty-six and a 
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third cubic feet of water, weighing 1632 pounds, constantly 
discharged against the face of the bank under a pressure of 
ninety to two hundred pounds to the square inch, varying with 
the height of the column. Under the continuous action of this 
enormous mechanical force, aided by the softening power of the 
water, large sections of the gravelly mass come crashing down 
with great violence. The debris, speedily dissolving and disap* 
pearing under the resistless force of the torrent of water, is hur- 
ried forward to the mouth of the shaft, down which it is precipi- 
tated with the whole volume of turbid water. Boulders of one 
hundred to two hundred pounds in weight are shot forward by 
this impetuous stream, accongpanied by masses of the harder 
cement, which meet in the fall down the shaft and in the con- 
cussion of the great boulders, the crushing agencies required to 
disintegrate them. 

The heavy banks of 80 feet and upwards are usually worked 
in two benches. The upper half is never so rich as the lower, 
and being also much less firm is worked away with greater 
rapidity. The lower section is much the most compact, the 
stratum on the *bed rock' being strongly cemented by sul- 
phuret of iron and great pressure, resists even the full force of 
the water stream until it has been loosened by gunpowder. For 
this purpose adits are driven in on the *bed rock ^ forty or fifty 
feet from the face of the bank, and a tunnel extended at right 
angles therefrom to some distance each side of the adit. In 
this tunnel a large quantity of gunpowder is placed, from fifty 
to two hundred kegs, and fired as one blast by a train laid from 
without In this manner, the compact conglomerate is broken 
up, and the water then rapidly completes the work. 

Sometimes the system of tunnels on the bed rock is extended 
much as in a coal mine, by cross alleys leaving blocks, which 
are then washed away, when the whole mass settles and disin- 
tegrates easily under the influence of the water. 

The tunnels in the bed rock already described are made 
double, for the convenience of * cleaning up' one of them while 
the other is in action. The process of cleaning up is performed 
every ten or twenty days, according to the size and richness of 
the work, and consists in removing the entire pavement of 
blocks from the bed of the sluice, and removing all the amal- 
gam of gold and *rich dirt' collected in the * rifles,' and re- 
placing the blocks in the same way as at first; advantage is 
taken of this occasion to reverse the position of the blocks when 
they are worn irregularly, and to sulDStitute new ones for those 
which are worn through. The mechanical action of the washing 
process on the blocks is of course very rapid and severe, so as 
to command a complete renewal of them once in eight or ten 
weeks. Some minei^ prefer a pavement of egg-shaped stones 
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set like a cobble-stone pavement, the gold being deposited in 
the interstices. Most of the sluices are however paved with 
rectangular wooden blocks as described. 

Standing at the mouth of one of these long bed rock tunnels 
in full action, one unaccustomed to the process is filled with a 
sense of amazement amounting almost to terror, as the muddy 
mass sweeps with great velocity onward, bearing in its course 
great boulders which add to the roar of the water, the whole 
being precipitated down a series of falls, at each of which it 
is caught up again by new sluices of timber lined like the first 
one, and so onward and downward many hundreds of feet, until 
the level of the river is reached at#the distance perhaps of half 
a mile or more from the mouth of the first tunnel. At each of 
these new falls of twenty-five or fifty feet, the process of com- 
minution begun in the first shaft is carried forward and a new 
portion of gold is obtained. 

Another ingenious device to secure the gold is by means 
of what are called under currents. At the end of the last 
sluice box, and beyond the mouth of the tunnel a grating 
of iron bars is arranged lengthwise in the bottom through which 
a portion of the water and finer material falls upon a series of 
more gently graded sluices of double the width of the main 
sluice. These sluices are placed at right angles to the other 
while the great body of the gravel with the large boulders go 
dashing forward over the fall, while the finer part thus di- 
verted is more gently brought in contact with a new set of 
mercurial rifles, from which it rejoins the main torrent ; and the 
same process is repeated at each succeeding fall, until the river 
is reached. 

Bude as this method of saving the gold appears, experience 
shows that more gold is saved by it than by any other method 
of washing yet devised, while the economical advantages it ofiers 
are incomparably greater than any other. In fact, it would be 
entirely impossible to handle so vast a body of poor material in 
any other way now known. 

To show the enormous advantage gained by the present sys- 
tem of working, compared with those formerly in use, Mr. Black 
states that, taking a miner's wages a* four dollars per day, the 
cost of handling a cubic yard of auriferous gravel is as follows : 

With the pan, $20.00 

With the rocker, 5.00 

With the long tom, 1.00 

With the hydraulic process, ... .20 

In fact, man has, in the hydraulic process, taken command of 

nature-s agencies, employing them for his own benefit, compell- 

2Dg her to surrender the treasure locked "vip in. the auriferous 
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gravel by the use of the same forces which she employed in dis- 
tributing it I 

I have dwelt with the more fullness on this process, so famil- 
iar to all Californians, because I am persuaded that few who 
have not seen it in action have any adequate notion of its mag- 
nitude and importance. By no other means certainly does man 
more completely change the face of nature than by this method 
of hydraulic mining. Hills melt away and disappear under its 
influence, being distributed in the river beds below, every win- 
ter's freshets carrying to lower and yet lower points portions of 
the detritus, while whole valleys are filled with clean-washed 
boulders of quartz and other rocks left behind in the general 
debacle. Meanwhile the Sacramento and its tributaries, and 
likewise the San Joaquim flow turbid with red mud, bars are 
formed where none existed before, and the hydrography of the 
bay of San Francisco is changing under the influence of the 
same causes. The desolation which remains after the ground 
washed by the miner is abandoned, is remediless and appalling. 
The rounded surface of the be.d rock torn up with picks and 
strewn with great boulders shows here and there islands of 
gravel, rising in vertical clifis with red and blue stains, serving 
to mark the ancient level and filling the spectator with amasse- 
ment at the changes, geological in their nature and extent, which 
the hand of man has wrought. 

But the auri sacra fames heeds no suggestion of the aesthetic ; 
the gold is there, we have the means and the power to re- 
move it, why should we stay our hand I The process is but 
just commenced. It has required already twelve years to re- 
move, as we have seen, eight per cent of the raining ground, 
already recognized as such, in but a small portion of the area 
between the two forks of the Yuba. Not this generation, nor 
yet a fifth from this, will see the completion of the work, while 
each year will hereafter witness an increased production of gold 
up to the maximum possible with the water at command. The 
amount of gold sent into commerce from this very limited por- 
tion of the ancient auriferous gravel has for many years averaged 
over two millions of dollars annually. 

Water Supply. — It follows as an obvious consequence of what 
has been said of the Deep Placers, and of the hydraulic process of 
mining, that an adequate supply of water at a suitable elevation 
is essential for the extraction of the gold contained in the ancient 
auriferous gravel. The water shed between the two branches 
of the Yuba Eiver now under consideration, includes not only 
the tributary streams which rise in the Sierras, such as Canon . 
Creek, Pass Creek, and others, but a great number of small and 
larger lakes, from a few acres to several miles in area which nes- 
tle among the hills. Of these the largest is the Truckee Lake '^ 
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and although the waters of this considerable reservoir are not 
now flowing in either of the canals under consideration, I am 
credibly informed, on high authority, that they are likely to do 
so ere long. Cafion Creek Lake (called on the map Eureka 
Lake) is the most considerable reservoir of the Eureka Lake 
Canal Co. I visited it in November, after the first fall of snow, 
but before the waters had commenced accumulating. In four 
or five weeks time after it was full. A substantial dam built of 
blocks of granite, raises its waters to a present average height of 
forty-two feet above its outlet, with natural abutments of granite 
capable of receiving twenty feet more of height Its base is 
transversely at bottom one hundred and twenty feet, its height 
seventy feet, and from bank to bank its top measures two hun- 
dred and fifty feet. The water face is protected by a double 
covering of sawed planking, securely fastened, and in all five 
inches in thickness. The flow of water is regulated by a sluice- 
way of arched masonry. When full, the present capacity of this 
reservoir is estimated at 933,000,000 cubic feet of water. * By an 
increase of twelve feet in the height of the dam, Mr. Black esti- 
mates the increased capacity of this reservoir to be 262,000,000 
of cubic feet of water, equal to twenty-five days supply of the 
canal with a constant stream, or in all about six months' supply. 
But the canal receives its supply for four months, say from 
the middle of April to the middle of August, from the moun- 
tain streams, which afford a plentiful supply from the constant 
melting of the snows during this season ; the snow accumu- 
lates in great quantities in the snowy Sierras during the winter 
months, the melting of which supplies not only the flow of the 
streams, but fills also to overflowing all the mountain lakes and 
artificial reservoirs, in which the waters are kept in reserve 
against the droughts of late summer and autumn. Earely,*a8 in. 
the summer of 1863-4, does the snow-fall fail to meet the de- 
mands. During the year named, for the first time since the con- 
struction of the canals, the reservoirs were not half filled, but dur- 
ing the current year they were filled again by mid-winter. The 
rain-fall for 1863-4 was less than has been known in California 
since 1850-51. The snow in 1863-4 measured only four feet.* 

' Mr. Black gires the foUowing table, <&c. 

Statement of the Rain-fall, aa registered at Sacratnento far fifteen years : 
Tear. Rain-fall in inches. 
1849-50 86. 



1860-61 4.780 

1861-62 17.980 

1862-68 86-862 

1858-54 60.068 

1864-66 18.620 

1 865-66 1 8.770 

1856-51 10.448 



Year. Rain-fall in inehsi. 

1867-68 16.001 

1868-69 16.0JI 

1 869-60 22.107 

1860-61 16.097 

1861-62 86.649 

1862-68 11.67§ 

1863-64 7.878 

Mean rain-fall 18.64 



From Hub table it will be seen that the rain iaW ioi U^^,'^^,\% otX-j ♦\ar\,^\a3*. 
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Besides the main reservoir are other smaller lakes or reser- 
voirs, of which the principal one is Lake Faucherie, on the 
oourse of Cailon Greet, pernaps four miles below the main res- 
ervoir. A timber dam of thirty feet in height has been con- 
stmcted across its outlet, forming a reservoir of about two 
hundred acres, giving a volume of 217,000,000 of cubic feet. 
Dams have also been erected across the outlets of several small 
lakes to the west and south of Lake Faucherie, from the outlet 
of one of which the main canal commences. 
The Eureka Canal is constructed partly in earth and partly 
[ as a wooden flume. The dimensions of the main flume are 
five feet nine inches in width; depth, three feet; fall, sixteen 
feet per mile. The discharge is ninety -six and forty-four-hun- 
dredths cubic feet per second, or 3,485 miners' inches, taking 
.the depth of water at two feet nine inches. If the full depth 
of three feet were attained, the discharge would be one hundred 
and thirteen and thirty-three-hundredths cubic feet, or 4,806 
inches ; but on account of the irregularity in the grade and the 
subsidences which have taken place, it is not practicable, at pres- 
ent, to fill it to its full capacity. 

Taking 8,485 inches as the supply, and deducting ten per cent 
for loss by leakage, evaporation, etc., will leave 8,087 inches, the 
supply which can be made available. The practical result, 
which is 3000 inches, agrees very closely with this ; 3,037 inches 
of a constant discharge during a working day of ten hours is 
equal to 7,289 inches for twenty -four hours, which latter quan- 
tity, therefore, is the available capacity of the canal, irrespec- 
tive of the Miners' and other confluent ditches. The discharge 
per second, being ninety-six and forty-four-hundredths cubic 
feet, equals eight and one-third millions of cubic fe^t for twenty- 
four hours. The yearly complement is therefore '3,041,000,000 
cubic feet. 
The storage capacity for the supply of the Canal is thus stated : 



Cafion Creek Reservoir, 933 millions cubic feet. 

Lake Faucherie, 217 

Smaller lakes, 100 






1,250 



(( u u 



the averaee faU for the last fifteen years has been 18*64. In the mountains, rain 
nrelj falb after the month of September. It is then converted into snow throagh 
the coldness of the climate. In April it commences to thaw, and during the few 
following months all the water-courses and rivers have a plentiful supply of water. 
Hw rain-fall of the mountains (or the snow which falls there, when converted into 
water) is from fifty to seventy per cent more than the rain-fall of the valleys ; 
(aeoording to experiments which I made on the Middle Yuba in 1856-7, I found 
that seven feet of snow measured, after its fall, one foot of water ; therefore, as an 
approximation, the fall of snow, divided by seven, is equal to the rain-fall.) 

Ail Joub. Sci.— Second Sxbiss, Yol, XL, No. 118.— July, 1865. 
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This amount divided by eight and one-third millions, the daily 
supply, equals one hundred and fifty days*, or five months' sto^ 
age supply. A partial deficiency exists during three months of 
the year, from the middle of January to the middle of April, 
during a part of which period, however, the demands for wash- 
ing are at a minimum. In ordinary years the reservoirs are not ^ 
drawn from before the middle of August. In 1864, however, \ 
the draft commenced as early as July 1st, owing to the very 
exceptional dryness of that season. 

The main canal after leaving Cafion Creek takes a westerly 
direction, and follows the contour of the hills on the south 8i(fo ^ 
until it crosses Jackson Creek, a distance of about seven mile«; 
thence taking a more northerly direction for two miles, it crosses 
a depression in the ridge, and keeping above Weaver's or Eu- 
reka Lake, fojlows the north slope of the ridge to Eureka, a dis- 
tance of about eleven miles; continuing in the same directioa, 
two miles further, it crosses a low depression by means of the ^ 
Magenta and National aqueducts. From this it still follows tbe^ 
same slope of the ridge to Snow Tent, a distance of thirty-two 
miles from its commencement. At this point, being on the crest 
of the ridge, it discharges itself on the north side into Bloody 
Eun, a tributary of the Middle Yuba, and on the south side into 
Bloom field Creek, a tributary of the South Yuba, thus obtaining 
the complete command of the country from river to river. 

Among the wonders which strike a visitor on first seeing 
the mining regions of California, are the lofty aqueducts con* 
structed on trestle-work for the purpose of carrying the water 
across deep ravines. Often these structures are slight and iBh 
seoure, but the Magenta and National (or Washington) aqu^ 
ducts on the line of the Eureka Canal are remarkable exceptions 
to this. They are thus described by Mr. Black : 

'^ The Magenta and National aqueducts, which reflect great credit oh 
the ability and skill of Mr. Faucherie, the engineer, are the finest worb 
•of the kind in California. During their construction, in 1859, 1 hadfi^e-j 
quent opportunities of inspecting them, as I was at that time engaged 
in carrying on the works of the Sierra Nevada Lake Water Canal, 
the opposite side of the Yuba. The National Aqueduct is in lengdij 
1,800 feet; its greatest height sixty-five feet The Magenta Aqueduct iij 
1,400 feet in length, and its greatest height one hundred and twenty-ais 
feet. The size of the flume is seven feet by one foot and three inches; 
the inclination, or grade, one foot per hundred feet. The sides werij 
made as low as practicable, so that the high winds which sweep acrott^ 
this gap might have little effect upon them. The posts of the trestlttf 
were all hewn from trees growing in the vicinity, no splicing existing it:^ 
any part of them ; they are whole from foundation to top. The sides ot^ 
the flume, one foot three inches in depth, are formed of whole scantlingi^ 
tiiirly feet in length and seven inches in width. The trestles are placed^ 
thirtjr feet apart from centers ; they ate N»e\\ axi^ ^cxxx^Vj btws^d* Thft"^ 
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whole aqueduct was built in sections of thirty feet each ; each section, 
when completed, being raised on the spot where it was constructed, by 
which scaffolding was completely dispensed with. This work, to-day, is 
in good preservation, the foundations and superstructure being alike sound 
and substantial, and likely to last for many years.'' 

The aggregate length of all the ditches in the Eureka Com- 
pany's ownership is about two hundred miles. 

In the ownership of the San Juan Company the aggregate 
length is about half this quantity, twenty-six miles being in the 
main San Juan ditch. 

The safe capacity of discharge of the canals of both Com- 
panies, being a constant stream during 10 hours, is as follows : 

Miner's inches. 

Eureka Lake Canal 3,000 

Miners' Canal 750 

Other districts 250 

4,000 

Middle Yuba Canal 1,600 

5,500 

5,500 inches for 10 hours, equals for 24 hours 13,200 

20 per cent deficiency in supply, stoppages, and other causes, 2,620 

10,580 

Say 10,000 inches per day. 

The laws of California are quite peculiar in respect to the 
rights of miners to the control of mining ground and of water. 
The miner has no ownership in fee, but an absolute control so 
long as he conforms to the mining laws of his district. Mining 
being the great business of the State, the rights of miners 
have been most carefully guarded, and are esteemed prior to 
all other property rights of real estate. As respects the own- 
ership and control of water, the laws permit and protect usages 
unknown under the English common law, such as the per- 
manent diversion of water from its original channels for min- 
ing uses. The right of 'locating' streams for such purposes 
is fiiUy recognized and established as against adverse interests, 
by numerous decisions of the highest Courts of law. An ab- 
stract of these mining laws may be found in HittePs Resources 
of California, page 854. 
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Art. IL — On the Ice in Kennebec River; by Eev. Fredebio 

Gardiner. 

The following observations were made upon the ice on the 
Kennebec river during the months of February and March, 1865. 
The location is in the town of Gardiner, at a point where the 
river is about 700 feet wide. The water is entirely fresh for 
many miles below, and the average ebb and flow of the tide 
here is five feet. The depth of water varies, according to the 
state of the tide and the particular locality, from 17 to 25 feet 
In the course of the winter the ice is always observed to crowd 
ashore, crumpling up in ridges on the flats and near the edge of . 
the channel. This process was already well advanced when, aft^ 
various delays, these observations were begun, Feb. 6. A row 
of stakes was planted in the ice, by boring holes quite through 
to the water, at distances of about 100 feet apart, avoiding a 
very near approach to either shore. Their positions were deter- 
mined by observing the range of each with a near and a distant 
fixed object on the shore, by means of an instrument with a 
small telescope, and also by the angles subtended at each posi. 
tion by fixed objects on the opposite shores. After an interval 
of time, the instrument was placed in the same range, and the 
distance from it to the stake measured. The stakes were soon 
broken off even with the ice by boys, and then a heavy snow 
fall v/ith the consequent sinking of the ice and formation of a 
separate sheet of ice above, with water between and slush above, 
made it impossible to recover the ends of the stakes until March 
18th. The distance between the eastern and western stakes was 
500 feet. March 18, the easternmost stake was found to have 
moved to the eastward 12f inches. A stake 200 feet west of 
this had not sensibly changed its position. The westem-tnost 
stake had moved to the westward 12 feet 2 in. There was thus a 
total expansion of the ice of 13 feet 2f in. in a breadth of 600 
feet, or 2*646 per cent nearly, in 40 days. Of course this motion 
is entirely independent of the action of gravity, and is possibly 
due to variations in the temperature of the air, that of the water 
having been nearly constant, as will be seen below. It is to be 
regretted that there are no data for determining the proportion 
of this motion in successive proportions of time — «, defect which 
it is hoped the observations of another winter, and of observen 
in other localities, may supply. The temperatures observed al 
my house, 120 feet above the river, during the time, are as fol- 
lows, in degrees Farenheit : Mean temperature, Feb. 6 to 28 
inclusive, 22*87° ; mean of extreme heat of each day, 82° ; meai. 
of extreme cold, 12*74*' ; mean diurnal variation, 20*217*^ ; ex- 
treme heat, 45° ; extreme cold, -11° \ ^^Xx^xss.^ variation^ 62** 
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kiarcH 1 to 18, inclusive. — Mean temperature, 33'138° ; mean of 
jxtreme heat, 41*33° ; of extreme cold, 24*944:° ; mean diurnal 
irariation, 15*44° ; extreme heat, 50° ; extreme cold, 7° ; extreme 
variation, 43°. These temperatures, of course, are each that of 
the shade ; they would be much increased by taking into con- 
sideration the influence of the sun to which the ice was exposed. 
When the ends of the stakes were recovered, they were float- 
ing in greatly enlarged holes. The stakes were pieces of pine 
turned, f in. in diameter. They were placed in holes of It in. 
diameter, and frozen in firmly. When found, the holes varied 
from 1 J to 6i in. diameter. This fact probably accounts for the 
anomalous temperatures given below, and must be due to the 
action of the sun's rays in the substance of the ice absorbed by 
the wood of the stakes. It also illustrates the effect upon the 
ice of objects within its substance. The larger holes were in 
the middle and near the eastern side of the river ; the smaller 
were toward the western shore, where a high bank cuts off the 
san early in the afternoon. 

The subjoined temperatures of the water and ice were taken 
with thermometers enclosed in cylinders of pine of such size 
as to leave a minimum thickness of J in. of wood outside the 
bulb. The piece of wood covering the graduated side of the 
stem was confined only by an india rubber ring which could 
be slipped off in an instant. These thermometers were made 
by Green of New York, accurately graduated to j\^ C, and 
easily read to Vt°« The temperatures of the air and snow were 
observed with naked thermometers. The minimum time of ex- 
posure in each case was a half hour, and it was not found that 
a longer exposure produced any change, although an hour was 
repeatedly tried. The thermometers were sunk perpendicularly 
in the ice, by boring holes with an augur a trifle larger than the 
thermometer cases, and, after inserting them, stopping the top 
of the hole with dry snow. The measurements, in all cases, are 
to the center of the bulb, which was about 1^ in. long. The 
temperature of the water was always observed near the bottom 
of tae river, and also immediately under the ice; but no differ- 
ence was observed except on Feb. 6, when the water near the 
bottom was 0*10, and just below the ice -0*05, the ice at the time 
wasting a little. Feb. 15, 010 ; Feb. 22, 0*15 ; March 11, 0*35 ; 
March 18, after a heavy rain, producing a freshet and filling the 
river with melted snow, 0*15. This freshet terminated the ob- 
servations upon the ice. 

At a point about the middle of the river and near the line of 
the stakes, varied, however, a few feet for each observation, the 
following observations were made : Feb. 6, mean temperature 
of air in shade, 0° ; depth of snow on ice, 15 in. ; thickness of 
" snow ice," 6J- in. ; of black ice, 6^ in. ; total, 13 ia, — Burft^oe 
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of ice 3 in. below surface of water. Temperature of snow just 
below its surface, 0°; just above the ice, -3*46° ; of ice at depth 
of 10 in., -1'95. Feb. 15, air in shade, -4*15 ; depth of snow, 6 
in. Below this was a sheet of ice generally 3^ in. thick, then a 
layer, of water 2^ in., then about 12 in. of ice; in all, 18 in. 
The temperature of the ice was taken at a point where the two 
layers were frozen together. Snow near surface, -1*55° ; just 
above ice, -0-75° ; ice at depth of 2 in. 046° ; at 14 in., 0•65^* 
Feb, 22, thickness of snow, ice, and water, about the same. 
Temperature of air in shade, -8-90°; of snow near its surface, 
0® ; just above ice, 0*55° ; of enclosed water, 005°. The layer 
of water prevented the examination of the ice below, March 
18, snow on the ice all gone ; upper layer of ice, 4 in., but mucK 
disintegrated and in places wholly gone ; enclosed water vary- 
ing from 2 to 5 in., and the entire thickness of the whole reduced 
to from 14 to 15 in. Temperature of enclosed water, 085° ; 
temperature of air in shade, 3 90° ; in sun, 7*25°. At another 
point, where the draft of air under a bridge kept the surface 
nearly free from snow, but still fully exposed to the sun, the 
following observations were made : February 15 — air in shade, 
-4'70°; in sun, 0°; thickness of "snow ice," 3 in. ; of black ice, 
19 in. : total, 22 in. Temperature of ice at depth of 2 in., - 035° ; 
at 10 in., -215°; at 18 in., -2-25°. Feb. 22,— air in shade, 
-2*25°; in sun, 9*50°; snow ice, 2iin. ; black ice, 21i in.: 
total, 24^. Temperature of ice at 2 in., 215° ;' at 10 in., 1*00°; 
at 18 in., 0-65° ; at 22 in.,. 0-90°. The surface of ice in the sua 
was thawing freely. March 11, — air in shade, -2 20° ; in sun, 
1110° ; surface of ice thawing in the sun. Thickness of black 
ice, (there being no snow ice), 22J in. Temperature, at 2 in., 
1-90°;^ at 10 in., 2*35°;^ at 18 in., 1-25°.^ 

These observations show that the ice expands without reference 
to the temperature of the water, and that the temperature of the 
ice itself, for such thickness as above given, varies considerably, 
its changes having little reference to the water below. It also 
appears that the rays of the sun at these depths, (and probably 
the same would be true of much greater depths,) are absorbed 
largely by an enclosed object, even of a light color. In the uni- 
form temperature of the water at various depths, there is evi- 
dence that the sudden disintegration of the ice, and its disap- 
?earance, is not in this instance due to the action of the water, 
'bis occurs constantly on the large ponds in the neighborhood, 
but rarely on the river. It never takes place untU the ** snow 
ice " is entirely melted, and is believed to be due to the action 
of the sun. 

^ Chips o£ .the ice left in the hole were melted, and thermometer case some- 
what moistened. 
Chwdiner, Midoe, March 2, 1865. 
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Art. in. — On the Origin and Formation of Prairies; by 

Leo Lesquebeux. 

[Concluded from vol. xxzix, p. 827.] 

We now come to the examination of the new theory of Prof. 
Winchell.^ A clear abstract is given by the author himself in 
the following words : 

1. The soil of the prairies is of lacustrine formation, as proved 
by its physical characters, and by the necessary eflFect of geo- 
lorical changes of level which are generally admitted to have 
talen place. 

2. Lacustrine sediments enclose but few living germs. 

3. Diluvial deposits, on the contrary, are found everywhere re- 
plete with living germs. 

4. The living germs of the diluvial deposits were buried dur- 
ing the glacial epoch. 

5. In proportion as the diluvial surface became exposed, the 
flora of the pre-glacial epoch was reproduced. 

ft. The vegetation which finally appeared on the drained la- 
custrine area was extra-limital, and was more likely to be herba- 
ceous than arboreal. 

The above quoted conclusions are sustained with ability by 
various arguments, and n>erit, therefore, careful consideration. 

The first is, ** The soil of the prairies is of lacustrine formation,*' 
etc.— As Prof. Winchell states, in the beginning, that his sys- 
tem is not intended to explain the formation of the low wet 
prairies, but only that of the high rolling prairies, and as, in re- 
marking on the extent of the ancient lakes, he says that its arms 
reached into Iowa, we may admit that the high rolling prairies 
of this State are considered by him as resulting from the same 
lacustrine action. We might go farther west, and follow the same 
formation over a surface continually rising to an elevation of 
600O feet.* But it is not necessary for our present argument. 
In Iowa the knolls of the high prairies are 1,500 feet above the 
Ocean, and as Lake Michigan is only 600 feet above the sea, its 
waters, to reach the high prairies of Iowa, should have been 900 
feet higher than they now are. How would this agree with the 
actual configuration of our country? Moreover, as the level 
of the high prairies of Southern Illinois is now at least 150 
feet lower than that of Lake Michigan, this part of the country, 
in the supposition of the author, should have been, at the time 
of the formation of the Iowa prairies, under at least one thousand 
feet of water. With such an elevation of the lakes as supposed 

* This Journal, [2], xxxviii, 882. 

' Prof. Whitney in Geol. Report of Iowa, p. 19 ; for this and some of the follow- 
ing measurementa Those for Ohio are taken from official surreys for caiiaU« 



24 L. Lesquereux on the Origin and Formation of Prairies. 

above, all the highlands of Indiana and Ohio should have bee; 
also deep under water. For, the highest point of the Ohi 
canal, at Licking, being 890 feet above the sea, there is still abou 
500 feet of difference between this point and the level of thi 
Iowa prairies. The whole high country in Ohio and Indiana i 
nevertheless covered with forest; 

Nobody, indeed, can deny that the whole surface of tb 
prairies, from the lowest to the highest point, has been recentlj 
(geologically considered) under water. But to reduce to a mere 
extension of Lake Michigan, or of the basin of our lakes, ai 
epoch of submergence which has left its traces over the whole 
extent of our continent, is narrowing the phenomenon of t 
whole epoch to one of its merely local results. The deposits o 
this Champhin epoch follow the rivers of the valley of the 
Mississippi to their highest affluents and their sources.* I have 
seen them overlie the Drift along the banks of the Big Waraju 
river, in the Indian Territory, at an elevation of more than two 
hundred feet above the bed of the river. This epoch of subsi- 
dence has been followed by an epoch of slow upheaval and slow 
drainage whose action is recognizable in denudations, deepening 
of channels, moulding of terraces, along the lakes and the 
rivers, etc.,* and in the formation of prairies over immense, 
nearly horizontal plains, which were necessarily covered with 
vast sheets of water, lakes, and swamps. If the wider expanse 
of our lakes at former times is understood in that way, it is indeed 
undeniable. But, as we have already said, these lates cannot be 
considered in the phenomenon as causative or primitive agenta. 
And if it is so, all the deposits of that epoch belong to the same 
lacustrine formation, and as aU these surface deposits which were 
not horizontal are generally wooded, and often densely so, we 
are already authorized to conclude that the so-called lacusirim 
formation has, by its nature, no direct relation to the prairies. 

Before passing to another of the statements of the author, ] 
would like to ask if there is not a contradiction in asserting thai 
there was " little difficulty in discovering the true origin of thi 
so-called * wet prairies ' so common in Ohio and Michigan, and 
now usually termed ^marshes,' * swales,' 'bogs,' and in proving 
that the humidity and sourness of the soil were the real causes 
of the absence of ordinary upland trees from their surface,"* and 
to say, in considering my opinion identified by the author with 
the former, that '* it is so well known that there is no situation 
so wet but certain trees will flourish in it," (referring here to the 
soil of swamps.)' Is it not also a contradiction to acknowledge 
that the wet prairies, along the shores of our lakes, are causec 

' Dana : Manual of Geology, p. 547. 

* The Terrace epoch. Dana, ibid., p. 564. 

* Tbia Journal, [2], xxxviii, 888. ' TVna 3o\>mt\, \\M., ^. t4^ 
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by humidity of the soil, and to assert that the high prairies, 
under lacustrine influence^ owe their origin to quite another 
cause? Does the difference of time modify the action of lacus- 
trine influence? 

2nd. Lacustrine sediments inclose hut few living germs^ says Prof, 
Winchell, and, on the contrary, 8d. Diluvial deposits are found 
everywhere replete with living germs. 

Nothing is known of the length of time for which the germs 
of seeds can be preserved in water. Salt water and fresh water 
M)pear to have about the same destructive action on seeds. 
Though a number of fruits and seeds are brought by currents 
from the shores of America to those of Scotia and Norway, these 
seeds do not, or only very rarely, germinate, even under careful 
cultivation.* The marine cocoa-nut (Lodoicea Seychellarum Lab.) 
has been carried for ages by currents from the Praslin Islands to 
the Maldive, and, nevertheless, it has not been naturalized on 
these last islands, although similar to the former in climate.* In 
fresh water, the only instance known of seeds preserved for a 
length of time is that quoted by Bureau de la Malle, who says,* 
that seeds of White Birch, {Betula alba, L.), preserved their ger- 
minative power after twenty years of immersion. Nothing, or 
very little, is known, either, of the duration of vitality in differ- 
ent kinds of seeds, under various circumstances. Even for the 
same species, this duration depends on their degree of maturity, 
and on the substance in which they have been deposited. When 
inclosed in a perfectly dry, unalterable matter, in carbon, for ex- 
ample, and sheltered against any kind of atmospheric action, the 
life of seeds may be, apparently, preserved for a long but not 
for an indefinite period of time. Isolated and apparently mar- 
yelous facts, tending to prove the preservation of the vegetative 

E)wer of some seeds for centuries, have been quoted by authors, 
ut these peculiar cases have not been carefully enough investi- 
gated to be considered as conclusive for science ; or, after inves- 
tigation, have been found to be mere fabrications, published for 
mercenary purposes. Three cases of this kind are quoted by 
Prof. Winchell in support of his 4th assertion. One regards the 
seeds of raspberries taten from the stomach of a skeleton, found 
80 feet below the surface of the earth. With the body were 
found " some coins of the Emperor Hadrian, from which we are 
justified in assuming that these seeds had retained their vitalitv 
for 1600 to 1700 years." I will say nothing of that stomach 
preserved for 1700 years, though, supposing that the story was 
true, it would indicate a concurrence of peculiar circumstances, 
so remarkably favorable to the preservation of organic sub- 
stances, that we should consider the case of the preserved yital- 

' Alph. De Candolle Geogr. Bot., p. 616. • Hooker's Bot Mag., i 2784. 
' Aonales dea Sciences Nat, v, 878. 

Am, Jous. acL—SBcoNi} Bbbieb, Yol. XL, No. 118.— JuLT, 1^05, 
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ity of the raspberry seeds, as quite an exceptional one. But on 
this subject, rrof. Ad. DeCandolle, who mentions the same fiaxjt, 
and who has studied more closely than any other botanist this 
interesting question of the preservation of seeds, says: "Prof. 
Lindley has quoted a species of Rosaceae (raspberry) whose seeds 
were found in a human skeleton, which was believed to be some 
centuries old ; but after verification of the fact, the seeds proved 
to be more recent."" DeCandolle says nothing of that bulbous 
root found in the hands of a mummy and which produced a 
beautiful dahlia, rightlv passing the fact, as one of those apocry- 
phal stories with which science had better not be encumbered. 
Not that the statement of Prof. Lindley is to be doubted ; bat 
that this celebrated botanist, too prone to believe stories in con* 
firmation of his opinion, may have been misled by false accounts. 
We know of old that the merchants of Egyptian mummies are 
not more conscientious in the preparation of their goods for mar* 
ket, than the manufacturers of Italian or of Syrian antiquities. 
Manuscripts, seeds, rings, every kind of remarkable utensils and 
bodies, have been wrapped with the old bones of Egyptian mum- 
mies, to raise their price. This explains also the third case of 
long preservation of seeds of wheat from the pyramids, quoted 
by Prof. Winchell. I have myself cultivated green peas, duly 
certified as directly coming from the same source and bought at 
a high price ; and learned to my cost that the most common of 
our varieties of this vegetable was already cultivated at the time 
of the Pharaohs. * 

But even accrediting to the seeds a vitality of infinite dura- 
tion, whenever thev are imbedded under favorable conditions, 
wrapped in a hard and perfectly dry body, sheltered against 
any kind of atmospheric influence, we must inquire if the diurnal 
or drift deposits may have afforded to them these conditions of 
preservation. 

Two theories only are admissible for explaining the transpor- 
tation of the drift materials : 1st, Water and floating Icebergs, 
2d, Glaciers. In the first case the transport of seeds would hav© 
befen made in water, and their vitality destroyed, as it has beea 
remarked already. Admitting, with Prof. Winchell, the trans- 
portation by glaciers, we are called to suppose or believe that 
seeds of all the species of trees now living on the north part of 
our continent, have been at first buried and then carried in the 
drift, as in a kind of Noah's ark, especially provided for the 
preservation of vegetables. But the transportation of the ma- 
terials carried by glaciers is only partly done upon their sur- 
face, and does not proceed in a way very favorable to the pres- 
ervation of seeds. In their forward advance, this surface of the 
glaciers is continually broken into innumerable fissures of vari- 

" Alph. de CandoUe Oeog^.'Bol.,!^. lb^\. 
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OTIS Size, often broad crevasses of great depth, where heaps of 
transported materials are constantly engulfed, to be, by the 
movement of the ice, crushed, ground up, and, by and by, 
thrown back to the surface to be swallowed again. Hence, all 
the materials transported by glaciers bear the marks of long 
grinding. The soft stones have been reduced to sand or to 
mud, the hard ones are rounded into pebbles, and the few which 
have casually escaped burial have still their angular corners 
smoothed away, of course. And though the movement is slow, 
the materials carried on the back of the glaciers (moraines) are 
continually mixing and in a confused mass, and thus, though 
their thickness may be great, they are at repeated times ex- 
posed to atmospheric action. How then could it be supposed 
that mere seeds, especially large ones, like acorns, nuts, beech 
nuts, etc., could have resisted the crushing action of ice, when 
hard stones have been ground into sand and mud. For, accord- 
ing to the theory, the seeds ought to have been preserved within 
the transported materials, as it is positively stated that diluvial 
materials are full of seeds. 

Prof. Winchell says, '*The general effect of the events which 
ushered in and marked the progress of the reign of ice was to 
destroy the vegetation flourishing over all the northern portion 
of the continent, and mingle its forms with cubic miles of debris 
detached from the under-lying rocks," etc. What has become 
of these forms of vegetation, remains of vast destroyed forests 
which have produced those seeds with which the diluvial is replete f 
Are trunks and branches of trees more difl&cult to preserve than 
seeds? Who has found those trunks and limbs of trees buried 50 
mi 100 feet in this diluvial rubbishV*^ Although the drift has 
been cut by canals, railroads, etc., over its vast extent, I do not 
know that any large deposits of vegetable remains have been 
found in it. There is, near Cleveland, Ohio, a bed of vegetable 
matter, a compound of leaves and branches of nearly carbonized 
Conifers heaped in patches, within sandy clay, and which do 
not appear to have been transported from the place where the 
plants grew. They look like the scattered rema;ins of an in- 
cipient peat-bog. Here, at Columbus, a few pieces of wood have 
been dug out, at a depth of twenty feet, from a kind of drifted 
clay not far from the banks of the Scioto river. They may or 
may not belong to the Drift ; in any case they were^ when taken 
out, as soft as clay and decayed throughout. These are the only 
Drift deposits of vegetable remains which have come under my 
examination. 

And if the diluvial deposits are replete with living germs, 
how is it that wherever these deposits are deeply cut, and their 
inmost recesses exposed to view, we do not see Ais new ground 
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invaded at once by a peculiar kind of vegetation, especially by 
trees ? Along the Ohio canals, the exposed Drift remains abso- 
lutely sterile in the first years after its denudation. By and by, 
some seeds of the plants growing in the neighborhood, those of 
the Mullen especially, invade this new soil, and become for a time 
its predominant vegetation. Afterward, a few shrubs, also the 
most common in the vicinity, appear on it ; and it is only long 
years afl;er, and when the surface of the original ground is 
already covered by a coat of vegetable mould, that a few trees, 
the Black Locust, the Elm, etc., are seen here and there growing 
up among the bushes. 

Prof. Winchell again says : " 4th, The living germs of the dUu- 
vial deposits were buried during the glacial epoch f'* and, "5th, In 
proportion as the diluvial surface became exposed, the flora of the 
pre-glacial epoch was reproduced. 

The author supposes that the vegetation which characterized 
the close of the Tertiary period was probably nearly identical 
with that existing at the present day under the same climatic 
conditions." The climate of the Tertiary period at our latitude 
was evidently warmer than it is now, and, in the supposition of 
the author, we must expect of course to find the seeds of northern 
species, brought with the Diluvium and established with us, tak- 
ing the place of those destroyed by the influence of the glacial 
period. Considering only the general character of the flora of 
the Tertiary at different latitudes, it agrees well enough with this 
idea, and we may give here some details which tend to strengthen 
the hypothesis, more, perhaps, than any reason advanced by the 
author himself. 

The Tertiary flora of Iceland, at least what is known of it, 
is more closely related to our present flora than that of the Ter- 
tiary of the Mississippi. Among twenty-seven species of Phe- 
nogamous plants," it has eight Conifers, one of which, the most 
common, is an Araucaria; two Pines, one of them related to 
Pinus serotina Michx. of ours ; five Firs, one also related to our 
Abies balsamea Marsh., or Abies Fraseri Parsh. Among the 
Monocotyledonous plants, this flora of Iceland has a Sparganium, 
a species of the Naiadacece and the seeds of a sedge ; and among 
the Dicotyledonous it has three species of Birch, one of which, 
is related to our Betula excelsa Ait ; one Alder, one Willow, one 
Hazelnut, one Oak, whose nervation resembles that of our Quer- 
cus montana Willd. ; one Buttonwood {Plaianus\ one Dombey- 
opsis, a genus of the Linden family, represented only by broken, 
scarcely determinable leaves; one Maple, apparently the most 
predomimant species in that Tertiary flora of Iceland, and re- 
markable by its large leaves and large fruits ; one Grape, rela- 
ted to Vitis vulpina L. of ours ; one Tulip tree, one Buckthorn, 

" This Jourml, 1. a, |i. 83'7. " O.I&eet; YVowitetl.'E^feVR^V., V!SL,V\^. 
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one Samach, and one Walnut. If we consider the genera only, 
it is evident that this flora has the greatest analogy with ours ; 
and if we could account for the transportation of seeds, it would 
perhaps seem reasonable to suppose that the change of character 
of our vegetation, since the Tertiary period, might be explained 
by Pro£ Winchell's theory. Before conceding the value of this 
supposition, however, we must look further to what we know 
of the characters of the vegetation in our recent geological ages. 
The materials collected till now from the flora of Iceland as well 
as from our own are not sufficient to form a solid basis for argu- 
ment, but we must use them as they are. 

In the lower Miocene (may be the Eocene ?) of the State of 
Mississippi, the most abundant remains of fossil plants belong to 
a species of Calamopsis^ an extinct genus of Palms. With this, 
ana in about the same abundance, there are leaves of a Sabai 
resembling our Palmetto, and of Fig and Cinnamon trees. At 
a higher stage, in the red shales, which I consider as true Mio- 
cene, we find still some leaves of Fig, Cinnamon, and Sabal, with 
already those of Oak, Maple, Hickory, Laurel, Olive, Magnolia 
and even Beech, whose species are related to, but not identical 
with, species of our time. Higher still, in the chalk banks of 
Columbus, Kentucky, we have leaves and fruits, whose relation 
is still nearer to our present species. Some of them so much so, 
that I have considered them as identical with ours." Passing 
higher up in the formations, we have, along the banks of the 
lower Ohio river, thick strata of a compound of leaves and fruits 
mixed with alluvial clay and formed in terraces. All the species 
of this formation are of our time and of our latitude. 

In the difference of forms between the plants of the lower 
Tertiary and those of our epoch, we recognize a constant modi- 
fication of specific characters, but one so uniform and so slow in 
its progress that we cannot consider it as resulting from any 
great geological cataclysm. These changes are nevertheless evi» 
dent; as evident after the glacial epoch as at the different stages 
of the Tertiary, but no more marked. Therefore, I do not see 
that we can ascribe the last change to a peculiar glacial agency, 
especially when, to sustain the hypothesis, we should have now^ 
in our arborescent vegetation, exactly the same species as those 
of the Northern Tertiary. This is certainly not the case. For 
out of the twenty-seven species of the Tertiary of Iceland, no 
one is perfectly identical with ours ; four only are related to 
species of our time, and the most remarkable and prominent, 
Araucaria and Acer otopterix Gp., that maple noted for its very 
large fruits, are types of which no trace appears, in our actual 
vegetation. 

^ This Journal, [2], xzvii, 864. Specimens of these fossil plants were sent to 
Pro£ Heer, wlio deDwd the ideuiitj of some of them with species of our time^ aad 
r doabted that of others. 
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Prof. Winchell's next statement is, " 6th, The vegetation whiA 
finally appeared on the drained lacustrine area was extra-limital, 
and was more likely to be herbaceoiLs than arboreal. 

What is an extra-lirnital vegetation? Prof. Winchell sup- 
poses that after the Drift epoch the whole continent passed under 
the action of the ocean^s surges. That the highest points of the 
drift emerging from this general flood were immediately covered 
with forests, from the seeds preserved in it. That, at the time 
when this portion of the emerged continent " was again clothed 
with those forms of verdure which had adorned it at the close 
of the Tertiary period," "the retreating waters paused to brood 
over the wide region destined to become the garden of the West; 
perpetual dilution converted them into a vast inland sea of fresh 
water, upon whose bottom gathered the lifeless sediments that 
were to be the soil of the prairies." 

A few simple measurements have already contradicted the es- 
sential idea in this paragraph. We have quoted it only to sho\«^ 
that by extra-limital species, the author understands apparently 
species which either did not belong to the Tertiary, or, did not 
inhabit the forests bordering the lacustrine prairies, and were 
brought from somewhere far away. For the vegetation of tbe 
prairies is of a type quite different from that of the forests, and 
cannot have originated from it. How, then, can we account for 
this extra-limital origin of species and the transportation of seeds 
across the forests surrounding the lacustrine deposits ? Can we 
suppose that, for hundreds of centuries, the seeds of trees never 
progressed by dispersion, never trespassed upon that limit 
marked by the borders of ancient lakes, though the soil was well 
adapted for their germination and their growth ;" and that the 
lacustrine soil was invaded by herbaceous plants brought from 
far away across the forests, we know not whence? It is not neces- 
sary to attenrpt to refute such a supposition. Are the seeds of 
Maple, Box-Elder, Linden, Hornbeam, Ironwood, Birch, Alder, 
Willow, Cottonwood, etc., which are either winged or surrounded 
with down or with hairs to facilitate their dispersion, more diffi- 
cult to transport by natural known agencies, such as winds, cur- 
rents, etc., than those of Pentalostemon, Astragalus, Baptisia, 
and other Leguminosae so common on the prairies ? The vege- 
tation of the prairies has the same general character as that of 
the swamps and marsh lands. In both there is especially aa 
abundance of large, coarse Compositae, "plants which continu- 
ally pump water by their roots from the soil and send it through 
their leaves into the atmosphere as vapors."" These and most 
of the other species of the prairies have generally deep-creeping 
or tap conical and tuberous roots, penetrating the soil and thus 

" According to Prof. Winchell's opinion. This Journal, [2], zxxviil, 844. 
-" De CoDdoUe Physiol. Veget, p. 1^10. 
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escaping destruction by conflagration." And with these, there 
are the sedges, and the hard grasses, like the Andropogons, which 
seek a siliceous soil, and whose tissue is so hardened by silica that 
their culms are not even consumed by the autumnal fires. These, 
and indeed many of the species of the high prairies of the Mis- 
sissippi, are found in our swamps along the canals of Ohio. 

A simple remark on the whole theory will close this examin- 
ation, already too long. An hypothesis, or a theory, to be ac- 
ceptable to the mind, should account for all the appearances of 
the phenomenon which it proposes to explain ; and its explana- 
tions should be sustained by what we know of natural laws still 
in activity, and by action so evident that its efiects cannot be 
denied. Neither of these conditions is fulfilled, I think, by the 
new theory. It takes into consideration a very small part of the 
whole system of prairies, explaining neither the low lacustrine 
nor the fluvial prairies, neither those of the sea nor those of the 
mountains, etc. And it refuses to acknowledge an evident opera- 
tion constantly at work under our eyes, the result of a simple 
law of nature. 
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Art. rV. — Preliminary notice of a small collection of Fossils found 
by Dr. HaySj on the west shore of Kennedy Channel^ at the highest 
northern localities ever eocplored ; by F. B. Meek. 

Some time after Dr. Hays' return from his Arctic expedition, 
he sent on to the Smithsonian Institution several boxes of min- 
eral and rock specimens collected by him while in the north, to 
be examined by Prof. Thomas Egleston. On opening these, 
Prof. Egleston noticed, amongst other specimens, a mass of 
gray limestone containing a few fossils, to which he called the 
attention of the writer. Finding these to be of much interest, 
considering the distant northern locality from which they were 
obtained, the other specimens were then carefully examined, and 
fragments of a few other fossils found amongst them. When 
Dr. Hays subsequently visited Washington, he stated that the 
best specimens of fossils collected by him were then in the pos- 
session of a friend at Philadelphia, and that those we had seen 
were merely fragments that had been packed up with the rock 
specimens. At the request of Dr. Hays, the writer agreed to 
examine and report upon these fossils, so soon as the other speci- 
mens could be sent on from Philadelphia. After the lapse of five 
or six months, however, without tneir arrival, inquiries were 

" Fire extends sometimes its ravages beyond the natural limits of the prairies 
and destroys the forests of the borders, where the trees are not only scattered bat 
of feeble growth. It is only on this intermediate ground that the contest of pro- 
grmioD and receding of the forest is in constant activity. 
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made in regard to them, when it was ascertained from Dr. Hays 
that his friend, with whom he had left the specimens, had sent 
them on some time previous. Unfortunately, however, up to 
this time they have not been received, and, as it is quite probable 
they may never be recovered, it has been thought desirable in 
the interests of science, as well as injustice to the intrepid Arc- 
tic explorer. Dr. Hays, that such conclusions as can be deduced 
from the meager collection of imperfect fossils found amongst 
the rock specimens collected by him, should be placed on record. 
Before expressing an opinion, however, in regard to the age 
of the rock from which these specimens were obtained, the fol* 
lowing list of them, with brief descriptions of some of those 
believed to be new to science, are given :* 

1. Zaphrentis Haysii, Meek. 

Corallum obconical, distinctly curved, rapidly expanding from a pointed 
base; length, about two inches; breadth, near the summit, 1*40 inches; 
sometimes showing, on the convex side, two broad, distant, shallow, Ion* 
gitudinal furrows, extending the whole length, so as to give that side a 
trilobate appearance. Epitheca, thick, and, where not worn, concealing the 
septa within ; surface showing small wrinkles of growth, which are most 
distinct near the summit. Calice, apparently rather deep, (filled with 
stony matter in all the specimens examined); principal radial septa about 
sixty, rather stout and rigid, as seen around the margins of the calice, 
where about t«n of them may be counted in a space of half an inch ; 
alternating with these there is a shorter and weaker secondary series. 

The trilobate appearance of the outer or convex side in the type of this 
species, together with its small wrinkles of growth, give it much the as- 
pect of some of the merely arched species of Platyceras^ for which it 
might be mistaken, when the calice is filled with stony matter. As some 
of the other specimens, however, apparently not dififering in other respects, 
do not present this trilobate appearance, it may not be constant 

The specific name of this coral is given in honor of Dr. Hays, its 
discoverer. 

Locality^ Cape Frazier. Between lat 80° and 81° N., long. 70° W. 

2. Syringopora, {sp, undL) 

A mere fragment The tubes are crowded so as to be nearly always 
less than their own breadth apart, and sometimes nearly in contact They 
are uniformly 0*10 inch in diameter, and apparently nearly straight and 
parallel, while the connecting tubes are small. 

Locality, Leidy. Between lat 80° and 81°, long. 70° W. 

3. Favositks, {sp, undL) 

A small flat fragment showing regular hexagonal calices 0*10 inch in 
diameter. Tabulae apparently thin and closely arranged ; mural pores 
consisting (as seen on one wall only) of four or five alternating series. 

Locality, same as last 

^ It is the intention of the writer, when more at leisure, to prepare drawings and 
faller descriptions of these fossils, as well as of the others now lost, should they be 
recovered, for publication in a work Dr. Hays has io progress on the results of his 
expedition. 
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4. Strophombna rhomboid alis, Wahlb. {:=Leptaena depressa of 
nthors). Presenting its usual characters. 

5. Strophodonta Hbadlbyana, Hall ? 

The specimen of this shell consists of about the half of a ventral valve, 
embedded in the matrix so as to show the inner side with its coarse irreg* 
ular striate, subcordate visceral cavity, and granulose surface. So far as 
can be determined from this, it agrees well with the New York species. 

LoecUiti/y same as last. 

1, Stbophodonta Beoku, Hall ? 

The specimen referred with doubt to the above species, is imperfect, 
but presents the same general outline, and flatness, as well as the charac- 
teristic small curving concentric wrinkles, fine striae, and even traces of 
the flabelliform visceral scar, of the New York shell. 

Locality, same as last 

8. Rhtnchonella, (sp, undet) 

A single specimen of a ventral valve partly embedded in the matrix. 
Breadth, 0*42 inch ; length, 0*36 inch. Mesial sinus broad and shallow ; 
surface with only twenty small radiating costae, five of which occupy the 
mesial sinus. 

Locality, same as last 

9. CCELOSPIRA CONOAYA, Hall. 

Several specimens, showing both sides, agree well with the New York 
specieo. 
Locality, same as foregoing. 

10. Spirifer, {sp, undeU) 

Specimens, partly embedded, closely resemble S, perlamellosus, Hall, 
of New York Oatskill Shaly limestone. 
Locality, same as last. 

11. LoxoNEMA? Kanbi, Mcck. 

An internal cast, from which it is not possible to determine, beyond 
doubt, whether it is a Loxonema, or a Murckisonia. Length, about 2*07 
inches ; breadth, 0*75 ; apical angle, 20°. Form conoid-subfusiform ; 
consisting of about six convex whorls, separated by a distinct suture. 
Apertare subovate ; last turn comparatively rather large ; surface un- 
hown. 

Named in honor of Dr. Kane, the Arctic explorer. 

Locality, Cape Frazier ; between lat. 80° and 81°, long. 70° W. 

12. Orthoceras (undetermined). 

The specimen is too imperfect for identification with any known spe- 
cies, or be characterized as new. It is incomplete at both extremities, 
and partly embedded in a mass of limestone. Entire length of the frag- 
ment, 2 inches ; section circular, at the larger end, 0*43 inch in diameter ; 
at smaller end, 0*15 inch. Septate throughout; septa numbering five 
in the space of 0*27 inch at larger end. Siphon and surface unknown. 

Locality, same as last. 

13. iLLiBNUS, (sp, undet,) 

Fragments of the glabella, and a movable cheek, apparently of a 
species of this genus. 
An. JouB. Sol— Sboond Sbbiss, Vol. XL, No. 118.— July, 1965. 
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From the foregoing list, it is believed that geologists will agree, 
that the rocks at this hidiest northern locality at which fossils 
have ever been collected, belong to the Upper Silurian era. 
The most remarkable fact, however, is, that they are nearly all 
very closely allied to, and some of them apparently in all respects 
undistinguishable from, species found in the Catskill Shaly lime- 
stone of the New York Lower Helderberg Group. Indeed, these 
shells resemble so closely Shaly limestone forms, that we could 
scarcely dismiss the impression that the mass of limestone ia 
which they are imbedded might be a New York specimen that 
had in some way been accidentally mixed with those from the 
north after Dr. Hays's return, until assured by him that he dis- 
tinctly remembered collecting it at the Arctic locality. 

We are aware that great caution is necessary in pronouncing 
upon the identity of fossils found at localities separated by forty 
degrees of latitude, without a good series of specimens for com- 
parison ; but, whether or not the absolute specific identity of 
any of these Arctic shells with NeW York species be admitted, 
in their unquestionably close aflBinities to the New York forma 
alluded to, they certainly present another striking evidence of 
the apparent wonderful uniformity of climatic and other physical 
conditions during these early periods of our earth's history, over 
the whole globe. 



Art. Y. — On the SeplacemerU of one Alcoholic Badical by anothet 
in compounds of the Ether Class ; by 0. Friedel and J. M. , 
Crafts. 

While engaged in the study of the ethers of silicic acid, we 

Si ) 

noticed that the normal silicate of ethyl,* TO H ^ [ ^4' "^^^^ 

it was heated with amylic alcohol, underwent a decomposition 
similar to that which would have been effected by an alkaline 
base ; ethylio alcohol was set free, and ethers containing the radi- 
cal amyl were formed ; we also observed a decomposition, at the 
temperature of its boiling point, of a mixed silicate of ethyl 

Si ) 

and amyl, (Cj,H5)3>-0., with formation of silicate of ethyl 

and silicate of amyl, as well as of the mixed ethers intermediate 
to these two. We considered it of interest to determine the 
conditions under which reactions of this nature take place, es- 
pecially as they have much analogy with those which most often 
occur in inorganic chemistry, namely, the action of a base upon 

' The atomic weights used in tlus papet ace H= 1, = 16, = 12, Si = 28. 
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a salt^ and in general the replacement of one element by another, 
and there was reason to hope that the study of the reactions in 
which these organic radicals were concerned might throw some 
light upon those in which their types, the inorganic elements, 
^\kj a part 

In the present research we have confined ourselves to the 
study of a few compounds, which may be taken as representa- 
tives of others which are analogous, 'and have endeavored to 
solve by experiment the following problems. 

1. Is the replacement of the alcoholic radicals by each other 
one that takes place readily in all the combinations into which 
they enter ; or is it peculiar to their combinations with acids ? 

2. Is one alcoholic radical to be considered as playing the 
part of a stronger base than another, and as displacing it from 
its combination by virtue of a stronger affinity for the body with 
which it was combined? Or, on the contrary, is the change of 
composition, produced by heating a mixture of compounds of 
several radicals, due to the tendency of each one to enter into 
all the combinations possible to it? 

In order to answer the first question, we have examined — 1st, 
the action of alcohols on the ethers of various acids ; 2d, the 
action of these ethers on each other : and 8d, the action on each 
other of the ethers, properly so called. The second question ' 
has been, at least partially, answered by conducting two series 
of experiments, in which the conditions of the reaction have 
been reversed ; as for example, first by the study of the action 
of amylic alcohol on the acetate of ethyl, and then that of 
ethylic alcohol on the acetate of amyl. Great care has been 
taken to ascertain the purity of the preparations employed, and 
particularly that the alcohols were anhydrous.' 

Action of amylic alcohol on acetate of ethyl, — A mixture of equal 
parts, by weight, of the two bodies was sealed in a stout glass 
tube by means of the blowpipe lamp, and heated during forty- 
eight hours at 240°-260° C. Common alcohol was set free, and 
could easilv be isolated and recognized in the portion of the 
contents oi the tube which distilled at the lowest temperature. 
The portion which distilled last contained acetate of amyl, to- 
gether with the excess of amylic alcohol employed. To sepa- 
rate the two, advantage was taken of the property of amylic 
alcohol to unite readily with an excess of sulphuric acid to form 
amyl-sulphuric acid soluble in water, while acetate of amyl is 
dissolved, undecomposed by the acid, and is precipitated by di- 
lating the solution with water. [If care is taken not to allow 
the temperature of a mixture of amylic alcohol, with several 

' The best and most eoonomical method of obtaining an anhydrous alcohol is, 
after previous rectification over quick lime, to distil it with a quantity of sodium 
Bofficient to destroy the smaU amount of water stiU retained by it. Tne excess of 
Bodiam employed forma an alcobolate of sodium, which is not deoompooed tkXi >^^ 
ficmt of ebullition of the alcoboL 
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times its weight of concentrated sulphuric acid, to rise above 
60°-70° C, wie product is entirely soluble in water. At a 
higher temperature insoluble products, sulphate of amyl and 
amylic ether, are formed.] The portion, therefore, of the coa» 
tents of the tube, whose boiling point was above 125® C, wm 
treated with sulphuric acid, and the acetate of amyl, precipitated 
by the addition of water, was again treated with suJphunc add 
and again precipitated bjr water. This operation was repeatea 
three times. In this way acetate of amyl was obtained, distill- 
ing 136°-138°, which contained : 

Theory. 

C = 64-71 - - 64-62 
H = 10-93 - - - 10-77 

The quantity of acetate of amyl formed was considerable, but 
still a certain portion of the acetate of ethyl remained unchanged, 
although amylic alcohol had been employed in excess. 

Action of common alcohol on acetate of amyV — Equal parts rf 
each were heated forty hours at 240° C. The liquid which dis- 
tilled at 75°-90° C, was washed eight times with a saturated 
solution of common salt, to free it from alcohol, and dried over 
chlorid of calcium. After being thus purified, it distilled at 
74°-76° C, and had all the properties of acetate of ethyl. An 
analysis gave : 

Theory. 

C = 63-81 . • 54-54 
H = 9-50 - - - 9-09 

Thus acetate of ethyl was formed in the same way from a mix- 
ture of acetate of amyl and common alcohol, that acetate of 
amyl was from a mixture of acetate of ethyl and amylic alcohol 
Action of amylic alcofiol on benzoate of ethyl — Equal parts of 
each, heated sixty hours at 210^-240° C, gave a small quantity 
of an ether, distilling at 251°-258°, which answered in aU iti 
properties to benzoate of amyl. It contained: 

Theory, 
C =r 74-47 . - 7500 

H = 8-25 - - - 8-33 
We conclude from this and another experiment, which was 

* The acetate of amyl, obtained at different times, always distilled at 186M88^ 
G. The boiling point, given in Gerhardt, about 125^, and that determined \if 
Kopp, 188®, differ so much from that observed by us that we thought ittieoetiaiy 
to analyze the product used in these •experiments. A portion, prepared by treating 
one part amvlic alcohol with one part crystallized acetic acid and two parts eon* 
centrated sulphuric acid, at a temperature below 70® C, after having bew thoc^ 
oughly washed with water, di^illed at 18T®-18S®, and contained: 

Theory. 
= 64-81 - - - 64-62 
H =s 1106 .... 10'7'7 

The amylic alcohol used in the preparation distilled at 180®-! 81®, aad cootaioed: 

Theory. 
C = 6802 . - . 6818 
H = 18-61 . - . . U-^\; 
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nade at a somewhat lower temperature, and where only traces 
>f benzoate of amyl were produced, that the benzoate of ethyl 
is decomposed by an alcohol with more difficulty than the acetic 
ethers. It will oe remembered that this body is also less easily 
decomposed by water and alkaline bases than they ; the reac- 
tion, however, takes place, and the extent of the decomposition 
effected is without doubt only a question of time and temperature. 
We next studied the action of an alcohol on the ether of a 
bibasic acid, a reaction which is capable, evidently, of giving 
rise to a greater number of products than those which were 
formed in the preceding cases ; for, by the successive replace- 
ment, by another radical, of each equivalent of the alcoholic 
radical combined with the acid, first a mixed ether, and then an 
ether containing two equivalents of the other radical would be 
feraied. Oxalic ether, which is easily decomposed by water and 
alkalies, is well adapted to the study of this reaction. 

Action of amylic alcohol on oxalate of ethyl, — One part amylio 
alcohol and two parts oxalic ether were heated thirty-six hours 
at 220°-250® C. On opening the tube, carbonic acid and car- 
bonic oxyd, unmixed with any hydrocarbon, were given off, 
and ordinary ether was found in the most volatile part of the 
liquid ; thus a small part of the oxalate of ethyl had been de- 
composed by heat into carbonic acid, carbonic oxvd and ether ; 
but the contents of the tube were not acid, and tnis decomposi- 
tion could have had no influence on the reaction we were study- 
ing. After the liquid, taken from the tube, had undergone sev- 
eral fractionated distillations, the part which passed below 90° 0. 
consisted of a mixture of ordinary ether and alcohol. The alco- 
hol had evidently been set free from the oxalic ether by the 
action of amylic alcohol. It was isolated from the common 
ether, with which it was mixed, by treating the mixture with 
an aqueous solution of salt, and distilling to regain the alcohol 
which was dissolved in the saline solution. The alcohol, dis- 
tilled, was treated again several times in the same way. After 
having been rectified over anhydrous baryta, it boiled at 78°, 
and presented the characteristic properties of ordinary alcohol. 

The portion of the liquid boiling at a temperature higher 
than 90 was separated by fractionated distillation into four pro- 
ducts: amylic alcohol, oxalate of ethyl, distilling near 180°, 
oxalate of ethyl and amyl, distilling at 225°-~283°, and oxalate 
of amyl, distilling at 259°-261°. An analysis of the latter gave : 

Theory. 

C = 62-24 - - 62-61 
H = 9-49 - - - 9-66 

0,0, 

The mixed ether, 0,H, }■ 0,, boiling at 225°-233°, which was 
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obtained in a state of approximate purity, could not be farther 
purified by repeated distillations, but on the contrary, when dig. 
tilled by itself the limits of temperature within which it passed 
became wider with each operation. We suppose this circom* 
stance to arise from a decomposition of the Dody by heat^ and 
our supposition was verified by the result of an experiment^ 
where we heated a portion of this product, which had distilled 
at 230^-242°, during twenty-four hours, at 220°-250° C, in a : 
sealed tube, and found that the decomposition had advanced so 
far that oxalate of ethyl (boiling at 180°), and oxalate of amy! 
rt)oiling at 260°), could be obtained from it We shall publidi 
the details of experiments with the ethers of a quadribasic acid 
in a paper on silicic ethers. 

It appears from the experiment with the mixed oxalate of 
ethyl and amyl, that, when two alcoholic radicals are combined 
with a single bibasic acid, they have a tendency, at a high tem- 
perature, to displace each other, so that, besides the portion of 
the mixed ether which remains unchanged, compounds of the 
acid with two equivalents of each of the radicals are formed. 
When two ethers containing different acids and different alco* 
holic radicals are subjected together to the action of heat, a de- 
composition might be expected with production of two new 
ethers, each acid having entered into combination with each 
alcohol. This reaction actually takes place. 

Action of benzoate of ethyl on acetate of amyl. — The two ethen 
were heated several hours at 800°-310° C, and the acetate <rf 
ethyl and benzoate of amyl formed were isolated and analyzed. 

Acetate of ethyl, boiling point about 74° : 

Theory. 

C = 66-84 - - 64-64 

H = 10-09 - - ' 909 

Benzoate of amyl, boiling point about 250° : 

Theory. 

C z= 74-06 - - 75-00 
H = 8-14 - - - 8-33 

In another experiment, when the tube was heated sixty houn 
at 200°-240°, the quantity of these ethers formed was too small 
to admit of their being separated from the other products. A 
very high temperature or a great length of time therefore is 
necessary to the accomplishment of this reaction. The ethers 
properly so called, the oxyds of alcoholic radicals, do not im» 
dergo a similar decomposition except perhaps at a very high 
temperature. 

Common ether and amylic ether were heated seventy -five hours 
at 200°-250° without formation of a mixed ether. 

The presence of water in the products employed would have 
taken aw&y entirely from the value of the preceding experi- 
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ments, for the water would have acted upon the ether, setting free 
an equivalent of acid, which would have combined with the 
alcohol, setting water free again, so that the transfer of the acid 
from one alcoholic radical to another might have been wholly 
independent of the reaction we were studying; each of the 
tub^ after having been heated, was therefore examined with 
very sensitive litmus paper, which was left in the liquid several 
minutes. In no case was there a trace of acid reaction observed. 

If we refer to these experiments for an answer to the ques- 
tions proposed at the beginning of the memoir, we find : 1st. 
That the reaction which we have considered takes place, at a 
temperature in the neighborhood of 250° C, between an alcohol 
and the ether of an acid, or between two ethers of acids, and 
also, that a similar decomposition takes place when the mixed 
ether of a polybasic acid is heated by itself. That it does not 
take place at all, or only with great difficulty, when the ethers 
(oxyds) of alcoholic radicals are heated with one another. That 
the reaction takes place most readily with those ethers that are 
most easily decomposed by water and other reagents. 2d. That 
the character of the reaction indicates that it is not dependent 
upon elective affinity, but simply on a tendency of each radical 
to unite with all the others present, and thus to form the great- 
est number of compounds possible. 

It has long been a point, upon which the opinion of chemists 
has been undecided, whether two salts in solution undergo mu- 
tual decomposition, so that a portion of each acid combines with 
a portion of each base, or whether the salts remain in their 
primitive condition. Late researches* seem to render probable 
the first view of the subject, so that, for example, a solution of 
nitrate of potash and sulphate of magnesia would be found to 
contain the sulphates of potash and magnesia and the nitrates of 
these bases if there were any means of directly separating all 
these salts ; the separation is however impossible, and the state 
of combination of each element in the solution must be deduced 
from an examination of its physical properties. With many 
compounds of organic chemistry, however, when it is sought to 
separate products formed under similar circumstances, and be- 
longing to the same class as salts in inorganic chemistry, advan- 
tage may be taken of the differences in the boiling points of 
the products to isolate each one by fractionated distillation ; and 
also, a peculiar and characteristic property of organic bodies fre- 
quently aids in rendering a separation of this nature easy, 
namely, the slowness with which they experience intermolecular 
changes. Thus, the mixed oxalate of ethyl and amyl can be 
obtained, by a single distillation, in a state of approximative 

^ Gladstone, Jouro. Ohem. Soc., xv, 802. 
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purity, from the products of the reaction of oxalate of amyl (m 
oxalate of ethyl, although, when it is isolated and heated alone 
for a certain length of timcj it is resolved in part into the bodies 
from which it was formed. It is this last mentioned property 
of compounds of the ether class together with their volatility, 
which render them peculiarly fitted as material for the study of 
reactions like those which we have been considering ; and the 
results, obtained by such a study, are not without weight in ques- 
tions concerning inorganic compounds, for the analogies between 
the elementary bodies and the organic radicals, which play the 
same part as elements in a large number of reactions, are be- 
coming every day more numerous with the advance of chemieal 
science, and the barrier which separates the two branches (rf 
chemistry is now nothing more than a line of division in an a^ 
tificial classification, which, notwithstanding its many advan* 
tages, has the demerit of separating too widely phenomena which 
are dependant on the same general laws. 



Abt. VI. — On Etherification; by C. Friedel and J. M. Crafts. 

With the purpose of extending our observations on the clan 
of reactions described in the preceding paper, we undertook 
similar experiments with the chlorids and iodids of alcoholic 
radicals ; but we soon recognized that, although these bodies 
are easily decomposed by an alcohol at a comparatively low - 
temperature, the reaction is quite different from the one befoie ■{ 
described. 

Two tubes were heated twenty-four hours at 160°-180' C. 
The first contained iodid of amyl with one-half its weight (A 
common alcohol ; the second contained iodid of ethyl with an 
equal weight of amylic alcohol. The contents of the tubes be- 
came strongly acid, and a layer of water, containing iodhydrie 
acid in solution, separated on the surface of the liquid in each 
of them. 

The liquid was washed with water to free it from iodhydrio 
acid, and, as the iodids are not acted upon by concentratea sul- 
phuric acid, this agent was employed to separate them from the 
other products. The iodids, separated by decantation from the 
sulphuric acid, underwent several fractionated distillations. The 
contents of the first tube gave a small quantity of a liquid, boil- 
ing at 72^^-75°, which possessed the properties of iodid of ethyl 
[true boiling point =72° -2], and from the second tube iodid (rf 
amyl, boiling at 146° [true boiling point =146°], was obtained. , 
Analyses were made of these products, which corresponded j 
sa&cientiy with the true composition to leave no doubt as to j 
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ientity of the bodies. The quantity of these iodids which 
obtained was, however, comparatively small ; in each of 
iubes the principal portion of the reaction was an ether, 
h was regained from the sulphuric acid employed in purify- 
he iodids, by the addition of water. 

le ether obtained in this manner was not pure, being mixed 
a small quantity of the iodids, and with traces of the alco- 
, but it distilled in greater part at 100°-120°, and after a 
fractionated distillations a large quantity of a product whose 
ng point was near 110° was obtained. In order to rid this 
luct of the iodids with which it was mixed, it was heated 
B time with sodium ; the iodids were destroyed with forma- 
of iodid of sodium and the radicals ethyl and amyl. From 
e latter the ether was freed by repeated fractionated distilla- 
as far as possible, but the analyses below show that the 
7 was not perfectly pure ; the traces of these hydrocarbons 
eh it contained was not, however, suflBcient to leave any 
bt as to its identity with the mixed oxyd of ethyl and amyl, 

[* i O. It distilled at 110°-118° (true boiling point =112°). 

.nalysis I is of the product obtained from the tube contain- 
iodid of amyl and common alcohol ; analysis ii, of that ob- 
ed from iodid of ethyl and amylic alcohol. 

L 11, Theory. 

C = 73-53 72-55 7241 

H =1 14-30 14-22 13-79 

1 ether could only have contained a trace of an alcohol, but, 
he action of sodium of a mixture of an alcohol with the 
d of the radical of another alcohol gives rise to a mixed 
ir, we repeated the experiment, taking care to destroy the 
hoi more completely by repeated treatments with concentra- 
sulphuric acid before acting upon the iodid with sodium, but 
did not observe that the quantity of mixed ether formed was 
inished after this precaution had been taken, 
a the foregoing experiments common ether as well as amylic 
jr were formed, but in much smaller quantity than the mixed 
jr. The principal reaction which took place in the tubes is 
refore expressea by the equation : 

||o + R'l = ]^,|0 + HI. 

B iodhydric acid in presence of an excess of alcohol would 
e rise to the formation of water and of the iodid of the alco- 
ic radical, 

||o + HI = RI + E^O, 
1 the iodid would in this manner be continually decomposed 

f. JOUB. SCLSSOOITD 8EBIBB, VoL, XL, No. 118.— JuL'r, IWB. 

6 
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and reformed as long as any alcohol remained. ' The iodhydric 
acid would also decompose a certain portion of the ether formed, 
in the same manner as it decomposes an alcohol, but less readilj. 

It is not necessary to suppose that the decomposition and re- 
composition of the iodid are dependent upon successive reac- 
tions; it is on the contrary certain, that at any given moment all 
the above mentioned reactions take place simultaneously, and 
that the mass of each body entering into them at that moment 
determines the relative amount of their products. 

The fact that the principal product of the reaction of the iodid 
of an alcoholic radical upon the alcohol of another radical is a 
mixed ether can only be interpreted by the first of the preced- 
ing equationSj and this manner of viewing the reaction is of 
some importance in its bearing on the theory of etherification, 
as aflPording evidence in support of a theory, already advanced 
by Reynoso* and others, which refers to a simple chemical re- 
action, the etherification by so-called catalytic action of chlorids, 
bromids, and iodids on alcohols. We have been able to demon- 
strate in the preceding experiments, that the first stage of the 
reaction, the replacement of the hydrogen of the alcohol by \ 
the radical combined with the iodid, actually takes place in a 
manner which accords with the theory of Reynoso. The prop, 
erty, which the chlorids, bromids and iodids of alcoholic radi- 
cals, as well as of metals, possess, of transforming an unlimited 
quantity of an alcohol into an ether is comparable to that of 
ferments, in so far that a change of composition is wrought in a 5 
large quantity of matter by a body, which seems in itself to be 
inactive, and the explanation of pherwmena of this class waa 
sought in a mysterious influence, exerted by the presence of the 
body, which brought about a change without seeming to suffer 
one itself; but the remarkable researches of Pasteur have led 
to the discovery of an explanation of the process of fermenta- 
tion in the physiological action exercised by the fermenting 
matter on one another ; the etherification of alcohols by bodies 
which are not destroyed at the end of the process, also, admits 
of a simple explanation, founded on known chemical laws, and" 
there is reason to hope that the name catalysis will eventually 
be banished from scientific language by a closer study of tha 
reactions, which have been designated by this term in default of 
a knowledge of their true character. 

These researches have been made in the laboratory of Profes- 
fior Wurtz. 

Paris, March Ist, 1865. 

' Add. de Chim. et Phys., 1856. 
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Art. VII. — Contributions to the Chemistry of Natural Waters; by 
T. Sterry Hunt, A.M., F.E.S. : of the Geological Survey of 
Canada. 

II. 
Analyses of various Natural Waters, 

CoNTKJTs OF Sections. — 36, mode of analysis, date of collection ; 86, waters of the 
first class; 87, their probable origin, the elimination of sulphates; 88, separation 
of lime-salts from waters; 89, earthy chlorids in saliferous formations; brines of 
New York, Michigati, and England ; foot-note on errors in water-analyses ; 40* 
brines of western Pennsylvania; waters in which chlorid of calcium predomi- 
nates ; 41, origin of such waters; separation of magnesia as an insoluble silicate ; 
42, waters of the second class ; 43, waters of the third class ; 44, waters of the 
fourth class ; Charably ; 46, other waters of the same class ; Ottawa River ; 46, 
waters of Highgate and Alburg ; 47, changes in the Caledonian waters; compar- 
ative analyses ; 48, waters of the fifth class; sulphuric- acid springs of New Vork 
and Canada ; 49, changes in composition, action on calcareous strata ; 60, waters 
of the sixth class, their various sources ; 61, neutral sulphated waters. 

§ 35. The analyses of the various mineral waters to be given 
in the second part of the present paper, were made according to 
the modes laid down in the treatise of Fresenius on Quantitative 
Analysis. The carbonate of soda in the alkaline waters was de- 
termined by the excess of the alkaline bases over the chlorine 
and sulphuric acid present. This was generally controlled by 
the amount of the carbonate of baryta thrown down from a so- 
lution of chlorid of barium by a solution of the soluble salts 
obtained by the evaporation of the mineral water ; and in some 
cases, to be specified farther on, this latter process was reliqi on 
as the only means of determining the amount of carbonate of 
soda. For remarks on the earthy carbonates of the waters, and 
their relation to the results of analysis, see Part III of this paper. 

The date at which the various waters were collected for analy- 
sis is in each case appended to the notice of the spring. This is 
of the greater importance, inasmuch as it will be shown that, in 
the course of years, some of the springs here described have 
sufifered considerable changes in their composition. 

§ 36. In the following table are given the analyses of several 
waters belonging to the first class as defined in § 34.* 

1. This water is from a well thirty feet in depth, near the vil- 
lage of Ancaster, on the western shore of Lake Ontario. It is 
sunk in the Niagara formation ; but like the other waters of this 
' class, probably has its source in the Lower Silurian limestones. 
The water rises nearly to the surface, but there is no perceptible 
discharge. Its temperature was found to be 48° F. when col- 
lected for analysis in September, 1847. 

^ Of the thirty-seven analyses of waters here g^ven, ten have already appeared 
in this Journal, [2], viii, ix, xi ; but for the purposes of comparison it is thought well 
to reproduce them in the present connection. Of the others the greater part have 
appeared in the Geology of Canada, •but several are now for the mt l\ni«& \n ^rvsiV., 
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Table I.- 


—Waters of the first 


Class. 










1. 


2. 


3. 


4. 


6. 


6. 

19-94 
und*t. 
649 
1-96 
und't 
• • • • 
177 


7. 


a 


Chlorid of Bodium. . . 

** potassium... 

** calcium 

** magnesium.. 
Bromid of sodium. , . 
lodid of sodium 


17-8280 
•0920 

12-8027 

6-0787 

-1178 


18-9168 

tracet. 

17-6815 

96437 

•2482 

-0008 


88-7815 

traces, 

15-9280 

12-9060 

•4685 

•0183 


17-4000 

undet. 

9-2050 

94848 

undet. 


298084 

•8656 

]4^8644 

8-3977 

undet 

•0042 

21928 


29-864 
undet. 
12-439 
7- 83 
ondet 

a 

•964 

•370 

1-287 


7-227 

undet 

2-102 

1-768 

undet 

M 

2-888 
-400 

• • • • 


Sulphate of lime. . . . 
Caroonate of lime. . . 

" magnesia. 

(( j baryta &, 
I strontia . 


-7767 
traces. 


•0411 
•0227 

undet. 










_ - _ 




















30-16 




13-880 


In 1000 parts 


86-6909 


46-8038 


68^0428 


360693 


50-6076 


52-247 



2. This water is from a copious spring which issues from the 
limestones of the Trenton group at Whitby, on the north shore 
of Lake Ontario. It contained small portions of baryta and 
strontia, and was collected in October, 1853. 

3, 4. Several wells have been sunk in the Trenton limestODd 
in the township of Hallowell, on the Bay of Quints, Lake On- 
tario, in search of brine for salt-making, and have yielded bitter 
saline waters, of which the two here noticed are examples. Na 
8 was obtained from a well twenty-seven feet deep, in October, 
1853. No. 4 was taken in the summer of 1854 from a well a 
mile or two distant from the last Neither of these waters wai 
examined for baryta or strontia. 

5,'6. At St. Catherines, near Niagara Falls, a boring of five 
inches in diameter was carried to a depth of about 500 feet, and, 
after traversing the Medina formation, is said to have penetrated 
fifty or sixty feet into the Hudson River shales. It yields abont 
twenty gallons a minute of a saline water, whose analysis by 
Professor Croft of the University of Toronto, a few years since, 
afforded the results given under 5. This water, which was first 
sought for the manufacture of salt, is now much used for medi* 
cinal purposes. Its strength seems subject to some variation, 
since a specimea from the same well in December, 1861, gave mej 
by a partial analysis, chlorid of sodium 23*00, chlorid of calcium 
9*66, chlorid of magnesium 2-40, sulphate of lime 1*75=86*81 
parts in 1000. No. 6, examined at the same time, is from a see* 
ond well sunk in 1861, not far from the last. 

7, 8. These are analyses of the waters from two borings in the 
Trenton limestone at Morton's distillery in Kingston. The 
analyses are by Dr. Williamson of Queen^s College in that city, i 
and were made probably ten oz: twelve years since. They have 
jseen recalculated so as to represent the whole of the sulphuric 
acid as combined with calcium. The first of these waters gave 
do Dr, WMliajoasQn .bath bromine and iodiue^ ejidthe second was 
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found to be sulphurous. These waters differ from the preceding 
in containing considerable amounts of earthy carbonates, and in 
this respect are related to those of the second class, while they 
still show a large predominance of earthy chlorids. 

§ 37. The waters of the above table contain, besides chlorid of 
sodium and a little chlorid of potassium, large quantities of the 
chlorids of calcium and magnesium, amounting together, in sev- 
eral cases, to more than one half the solid contents of the water. 
Sulphates either are absent, or occur only in small quantities, 
and the same is true of earthy carbonates. Salts of baryta and 
strontia are sometimes present, while the proportions of bromids 
and iodids, though variable, are often considerable. 

In the large amount of magnesian chlorid which they contain 
these waters resemble the bittern or mother-liquor which remains 
after the greater part of the chlorid of sodium has been removed 
from sea-water by evaporation. The bitterns from modern seas, 
however, differ in the presence of sulphates, and in containing, 
when sufficiently concentrated, only traces of lime. The reason 
of this, as already pointed out in § 22, is to be found in the fact 
that in the waters of the present ocean the sulphates are much 
more than equivalent to the lime, so that this base separates 
during evaporation as gypsum.* But, as shown in §23 and § 24, 
the waters of the ancient seas, which held in the form of the 
chlorid of calcium the greater part of the lime since deposited 
as carbonate, must have yielded by evaporation bitterns contain- 
ing a large proportion of chlorid of calcium. Such is the na- 
ture of the brines whose analyses are given in the above table, 
and such we suppose to have been their origin. The complete 
absence of sulphates from many of these waters points to the 
separation of large quantities of earthy sulphates in the Lower 
Silurian strata from which these saline springs issue; and the 
presence in many of the dolomitic beds of the Calciferous sand- 
lock of abundantly disseminated small masses of gypsum, is an 
evidence of the elimination of the sulphates by evaporation. 
The frequent occurrence of crystalline masses of sulphate of 
strontian in the Chazy and Black River limestones of this 
region, is also to be noted as another means by which the sul- 
phates were separated from the waters of the Lower Silurian 
seas. From the proportions of chlorid of sodium, varying from 
about one-third to more than two-thirds of the solid contents of 
the above waters, it is apparent that in most cases the process 
of evaporation had gone so far as to separate a part of the com- 
mon salt ; and thus successive strata of this ancient saliferous 
formation must be impregnated with solid or dissolved salts of 
unlike composition. The mingling of these in varying propor- 
(aoQs affords the only apparent explanation of the differences in 

■ See Ihrtber on thiB point, Bischof, Chem. Geology,!, \\Z* 
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the relative amounts of the several chlorids in waters from the 
same region, and even from adjacent sources. These differences 
are seen on comparing the waters from the different wells of St. 
Catherines, Hallowell and Kingston, with each other. 

§ 88. The great solubility of chlorid of calcium renders it 
difficult to suppose its separation from the mother-liquors so as 
to be deposited in a solid state in the strata. The same remark 
applies to chlorid of magnesium. It is, however, to be remarked 
that the double chlorid of potassium and magnesium (carnallite) 
IS decomposed by deliquesence into solid chlorid of potassium 
and a solution of chlorid of magnesium ; and thus strata like 
those which at Stassfurth contain large quantities of carnallite, 
(§ 22,) might give rise to solutions of magnesian chlorid. This, 
however, would require the presence of a large amount of chlorid 
of potassium in the early seas. It will be observed, by referring 
to the analyses above given, that the chlorid of magnesium 
sometimes surpasses in amount the chlorid of calcium, and some- 
times, on the contrary, is equal to only one-half or one-fourth of 
the latter salt. While it is not impossible that the predominance 
of the magnesian chlorid in some waters may be traced to the 
decomposition of carnallite, it is undoubtedly in most cases con- 
nected with the action of solutions of carbonate of soda, the 
effect of which, as already pointed out, is to first separate the 
soluble lime-salt as carbonate, leaving to a subsequent stage the 
magnesia chlorid. (§ 18.) As this reaction replaces the lime-salts 
by chlorid of sodium, it might be expected that there would be 
an increase in the amount of the latter salt in the water wher- 
ever the magnesian chlorid predominates, did we not remember 
that evaporation separates it from the water in a solid form ; and 
that the two processes, one of which replaces the chlorid of cal- 
cium by chlorid of sodium, while the other eliminates the latter 
salt from the solution, might have been going on simultaneously 
or alternately. As the nature of the waters now under consid- 
eration shows that the process of evaporation had been carried 
so far as to separate the sulphate in the form of gypsum, and 
probably also a portion of the chlorid of sodium in a solid state, 
it is evident that we have not yet the data necessary for deter- 
mining the composition of the water of the Lower Silurian 
ocean, as regards the proportions of the sodium, calcium and 
magnesium which it held in solution ; and we can only conclude, 
from these mother-liquors, that the amount of the earthy bases 
was relatively very large. 

§ 89. As already remarked in § 22, the mother-liquor from 
modern sea-water contains no chlorid of calcium, but, on the 
contrary, large quantities of sulphate of magnesia; the lime in 
the modern ocean being less than one-half that required to com- 
bine with the sulphate present. If, kovieyer^ we examine the 
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numerous analyses of rock-salt and of brines from various salif- 
erous formations, we shall find that chlorid of calcium is very 
frequently present in both of them ; thus supporting the con- 
clusions already announced in § 24 with regard to the composi- 
tion of the seas of former geological periods. The oldest salif- 
erous formation which has been hitherto investigated is the 
Onondaga salt-group of the New York geologists, which belongs 
to the upper part of the Silurian series, and supplies the almost 
saturated brines of Syracuse and Salina in New York. These, 
notwithstanding their great purity, contain small proportions of 
chlorids of calcium and magnesium, as shown by the analyses of 
Beck, and the recent and careful examinations of Goessmann. 
In the brines of that region the solid matters are equal to from 
14*3 to 16*7 per cent, and contain on an average, according to 
the latter chemist, 1-54 sulphate of lime, 093 chlorid of calci- 
um, and 0'88 chlorid of magnesium in 100*00 ; the remainder 
being chlorid of sodium.* 

The nearly saturated brines from the Saginaw valley in Mich- 
igan, which have their source at the base of the Carboniferous 
series, contain, according to my calculation from an analysis by 
Prof. Dubois, in 100*00 parts of solid matters, chlorid of calci- 
um 9*81; chlorid of magnesium 7*61; sulphate of lime 2*20; 
the remainder being chiefly chlorid of sodium. Another well 
in the same vicinity gave to Chilton an amount of chlorid of 
calcium equal to 3*76 per cent.* In a specimen of salt manu- 
factured in this region Goessmann found 1*09 of chlorid of calci- 
um; and in two specimens of Ohio salt, 61 and 148 per cent 
of the same chlorid. The rock-salt from the Lias of Cheshire, 
according to Nichol, contains small cavities, partly filled with 
air, and partly with a concentrated solution of chlorid of mag- 
nesium, with some chlorid of calcium.* 

' Gh)e8sraaDn. Report on the brines of Onondaf^: Syracuse, 1862 and 1864. 
Also Report on the Onondaga Salt Co.: Syracuse, 1862. 

* Wincbell : this Journal, [2], xxxiv, 811. 

* Cited by Bischof, Lehrbuch ii. 1671. The results of the analyses by Mr. North' 
oote of the brines of Droitwich and Stoke in the same region (L. E. A D. Philos, 
Mag. [4], iz, 32,) as calculated by him, show no earthy chlorids whatever, and no 
carbooate of lime, but carbonates of soda and magnesia, and sulphates of soda and 
lime. He regarded the whole of the lime present in the water as being in the form 
of sulphate. If, however, we replace, in calculating these analyses, the carbonate 
of soda and sulphate of lime by sulphate of soda and carbonate of lime, we shall 
have, for the contents of these brines, chlorid of sodium, with notable quantities of 
Rilphate of soda, some sulphate of lime, and carbonates both of lime and mag- 
nesia; a composition which is more in accordance with the admitted laws of chemi- 
cal combinations. From these . results it would appear that the earthy chlorids, 
which according to Nichol are present in the rock-salt of this formation, are decom- 
posed by sulphates in the waters which, by dissolving the salt, give rise to the brines. 

It is to be regretted that in many water analyses by chemists of note the results 
are so calculated as to represent the co-existence of incompatible salts. Of the as- 
sociation of carbonates of soda and magnesia with sulphate of lime, as in the anal- 
ysis just noted, it might be said that I have shown that it may occur in the presQaco 
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§ 40. The brines from the valley of the Alleghany Eiver, ob* 
tained from borings in the Coal formation, are remarkable for 
containing large proportions of chlorids of calcium and magt 
nesium, though the sum of these, according to^the analyses of 
Lenny, is never equal to more than about one-fourth of the 
chlorid of sodium. The presence of salts of barium and stron- 
tium in these brines, and the consequent absence of sulphates ii 
according to Lenny, a constant character in this region over aa 
area of two thousand square miles. (See Bischof, Chem. GedL 
i, 377). A later analysis of another one of these waters from 
the same region, by Steiner, is cited by Will and Kopp, Jahres* 
bericht, 1861, p. 1112. His results agree closely with those of 
Lenny. See also the analysis of a bittern from this region by 
Boy6 (this Journal, [2], vii, 74). 

These remarkable waters approach in character to those of 
Whitby and Hallowell ; but in these the chlorid of sodianii 
forms only about one-half the solid contents, and the proportion 
of the chlorid of magnesium to the chlorid of calcium is rela» 
tively much greater than in the waters from western Pennsyl* 
vania, where the magnesian chlorid is equal only to from one* 
third to one-fifth of the chlorid of calcium ; the proportions of 
the two being subject in both regions to considerable variationa 

In this connection may be cited a water from Bras d'Or, in 
the island of Cape Breton, lately analyzed by Prof. How, whWi 
contains, in 1000 parts, chlorid of sodium 4*901, chlorid of po» 
tassium 0*650, chlorid of calcium 4413, and chlorid of magofr 
sium only 0*638, besides sulphate of lime 0*134, carbonates of 
lime and magnesia 0*085, with traces of iron-oxyd and phosphatei 
=10*821. (Can. Naturalist, viii, 370.) The analyses of European 
waters furnish comparatively few examples of the predominanos 
of earthy chlorids.' 

§ 41. We have already shown in § 38 how the action of cxt- 
bonate of soda upon sea-water or bittern will destroy the no^ 

of an excess of carbonic acid. (This Jour., [2], zxviii, 174). By evaporation, hov* 
ever, such solutions regenerate carbonate of lime and sulphates of soda and niftg> 
nesia ; and by the consent of the best chemists these elements are to be represeotdi 
as thus combined. But what shall be said when chlorid of magnesium, carbonitt 
of soda, and silicate of soda are given as the constituents of a water whose reoeot 
analysis may be found in a late number of the Ghemical News ; or when bi-carboih 
ates of soda, magnesia and lime are represented as co-eidsting in a water with nt 
phates and chlorids of magnesium and aluminum ? These errors probably aiai 
from determining in the recent water, or in water not sufficiently boiled, the limi 
and magnesia which would by prolonged ebulition be separated as carbonite^ 
together with portions of alumina, silica, etc In the subsequent calculation of tiM 
analyses these dissolved earthy bases being regarded as sulphates or chlorids, is* 
stead of carbonates, there remains an excess of soda, which is wrongly represented 
as carbonate, instead of chlorid or sulphate of sodium. 

• Lersch, Hydro-Chemie, zweite Aufla^ge : Berlin, 1864; vide p. 20*7. This «• 
cellent work, which is a treatise on the chemistry of natural waters, in one TcduM 
8vo of 700 pages, was unknown to me wben I prepared the first part of this essay. 
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nal proportion between the chlorids of magnesium and cal- 
dnm by converting the latter into an insoluble carbonate, and 
.eaving at last only salts of sodium and magnesium in solution. 
Al process the reverse of this has evidently intervened for the 
production of waters like that from Cape Breton and some 
others noticed by Lersch, in which chlorid of calcium abounds, 
with little or no sulphate or chlorid of magnesium. This pro- 
oess is probably one connected with the formation of a silicate 
of magnesia. Bischof has already insisted upon the sparing 
solubility of this silicate, and he observed that silicates of 
alumina, both artificial and natural, when digested with a solu- 
tion of magnesian chlorid, exchange a portion of their base for 
magnesia, thus giving rise to solutions of alumina ; which, being 
decomposed by carbonates, may have been the source of many 
of the aluminous deposits referred to in § 9. He also observed 
a similar decomposition between the solution of an artificial sil- 
icate of lime and soluble magnesian salts. (Bischof, Chem. Ge- 
ology, i, 13, also chap, xxiv.) In repeating and extending his 
experiments, I have confirmed his observation that a solution of 
fflhcate of lime precipitates silicate of magnesia from the sulphate 
and the chlorid of magnesium ; and have found, moreover, that 
by digestion at ordinary temperatures with an excess of freshly 

Srecipitated silicate of lime, chlorid of magnesium is completely 
ecomposed; an insoluble silicate of magnesia being formed, 
while nothing but chlorid of calcium remains in solution. It is 
dear that the greater insolubility of the magnesian silicate, as 
compared with silicate of lime, determines a result the very re- 
verse of that produced by carbonates with solutions of the two 
earthy bases. In the one case, the lime is separated as carbon- 
ate, the magnesia remaining in solution; while in the other, by 
the action of silicate of soda (or of lime), the magnesia is re- 
moved and the lime remains. Hence, carbonate of lime and sil- 
icate of magnesia are everywhere found in nature ; while car- 
bonate of magnesia and silicate of lime are produced only under 
local and exceptional conditions. The detailed results of some 
experiments, on this subject are reserved for another place. It 
is evident that the production from the waters of the early seas 
of beds of sepiolite, talc, serpentine, and other rocks in which a 
magnesian silicate abounds, must, in closed basins, have given 
rise to waters in which chlorid of calcium would predominate. 

§ 42. Of the waters of the second class whose analyses are 
here given, the first three occur, with many others of similar 
character, on the south side of the Ottawa river, below the city 
of that name. The remaining four are on the north side of the 
St. Lawrence, between Montreal and Quebec, where also similar 
waters abound. All of these springs rise from the Lower Silu- 
rian limestones of the region. 

Am, Joun. 8ci,—Sbcond Seiueb, Vol. XL, No. 118.— Jult, \^ft5. 
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Table II. — Watsbs ov thb second Class. 



Chlorid of sodium . . 
« potassium. . 

" barium 

*' strontium . . 
«* calcium .... 
'< magnesium. 
Bromid of " 
lodid of 

Sulphate of lime . . 

Carbonate of baryta. 

" strontia . 

" lime 

" magnesia, 
iron 



M 



Silica . . . 
Alumina. 



In 1000 parts . . 
Specific gravity 



l< 



11-6660 
•1040 



•1864 
•2462 
•0080 
•0062 



•0330 
•8904 
•0096 
•0700 
traces. 



13-1678 



100939 



3. 



9*4600 
•1040 



•0443 
•4942 
•0029 
•0017 
•1929 



-2980 
•3629 

traces. 
•0206 

uudet. 



10-9814 



8. 



12-2500 
'0306 



•28^0 

1-0338 

•0238 

•0021 



•1264 
•8632 

traces. 
•0225 

traces. 



14-6393 



1008-78! 1010-9 



4. 



U1400 
•1460 
•0303 
•0185 
•2420 
•2790 
•0283 
•0062 



•0106 
-0137 
•4620 
•4622 

traces. 
•0662 

undet. 



12-8880 



6. 



8-0454 
undet. 



•0466 

•0866 

undet. 

traces. 



•0470 
•8354 



9^0600 



1009-421 



6. 



n-7750 
•0800 



•0603 
•3748 
•0342 
-0039 



•2160 
1^0593 
•0054 
•0479 
•0060 



186513 



101036 



7. 



11-4968 
•1832 
•0019 
•0019 
•0718 
•6636 
•0091 
•0046 



•3493 
•9888 
•0146 
•0866 
•0146 



13'8865 



1011-23 



B. 



17-2671 
•2409 

• • • • «i 

• • • • • 

•6088 

2^0623 

•0687 

•0183 



•0120 
•7506 

traces. 

undet. 



209987 



1. 



m 



• • acl 



•01 



tram 

ondt 

« 



1, 2. These two waters are from the township of Plantagenet. ; 
The first is known as Larocque's, and the second as the Georgian 
Spring. These watel-s were examined in 1849 and 1851. Two ' 
other springs have been observed in the same vicinity, one re« ; 
sembling Larocque's spring and containing borates, with a not- 
able proportion of strontia, while the other is an alkaline-saline Jj 
water of the third class. 1 

3. Caledonia Intermittent Spring. This spring owes its name ' 
to the intermitting discharge of carburetted hydrogen which 
takes place from its waters. It is in the township of Caledonia, 
not far from Plantagenet, and near three other waters from the 
same township, to be mentioned in the next class. The water 
was collected in September, 1847. 

4« Lanoraie. This is from the seigniory of Lanoraie. It 
contains both baryta and strontia, and evolves an abundance of 
carburetted hydrogen. The water was collected in March, 1851. 

6. Is from a copious spring in the seigniory of Berthier, and 
was collected in July, 1853. 

6. Is from the township of Caxton, and yields six or eight 
gallons of water a minute, besides a great abundance of inflamr 
mable gas. The carbonic acid was found to equal 1*126 parts, of 
which -651, or more than one half, is required for the neutral 
carbonates present. The water was taken from the spring in 
October, 1848. ] 

7. Is from the seigniory of St. L^on, and is a copious spring 
which, like the last, disengages inflammable gas. The carbonic 
acid was equal to 1*224 parts, of which *651, or not quite one 
half, is required for the neutral carbonates found by analysis* 
The water was collected in October, 1848. 
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8, 9. These are from two springs in the parisli of Ste-Gene- 
ri^ve on the Batiscan River, and are remarkable for the large 
proportion of iodids which they contain. The first is known as 
trudel's spring, and the second is at the ferry opposite to the 
church. The waters were collected in August, 1853. Several 
other saline springs occur in the same neighborhood. 

§ 43. Of the waters of the third class which follow, the first 
four rise from the Trenton limestone, and occur on the south 
ride of the Ottawa River, in the vicinity of the first three of the 
preceding section. The others are from the south side of the 
St. Lawrence below Montreal. 

Table III. — Waters of the third Class. 



GUorid of sodium. . . . 

** potassium . 

Bromid of sodium. . . . 

lodid of sodium 

Solpbate of potash . . . 
Phosphate of soda. . . . 
Carbonate of soda. .... 

" baryta... 

** strontia . . 

** lime 

" magnesia. 

" iron 

Alumina 

Silica 



In 1000 parts. . . 
Speeific gravity. 



1. 


2. 


3. 


4. 


5. 


6-9675 


6-4409 


3-8480 


6-5325 


9^4231 


•0309 


-0296 


•0230 


•1160 


•1284 


•0150 


-0169 


•0100 


•0217 


•0126 


•0005 


-0014 


traces. 


•0082 


•0054 


•0058 


•0048 


•0183 


.... 


.... 


• • • • 


.... 


• • • * 


•0124 


« « • . 


•0485 


•1762 


•4658 


•5885 


•1705 


• • • • 


• • • • 


.... 


traces. 


•0226 


• • • • 


• • • • 


.... 


n 


•0140 


•1480 


•1176 


•2100 


•1600 


•3640 


•6262 


•5172 


•2940 


•7860 


•6438 


traces. 


traces. 


traces. 


traces. 


•0048 


•0044 


undet. 


•0026 


•0040 


traces. 


•0310 
7-7778 


•0426 


•0840 


•1330 


•0466 


7-3470 


4-9407 


8-3478 
1006-24 


10-7202 


1 006^2 


1006-8 


1008-7 


1008-15 



6. 


7. 


8. 


8-4286 


4^8234 


5-9662 


•0382 


•0610 


undet. 


•0046 


undet. 


u 


•0085 
.... 


.... 


• • • • 


•3260 


.... 
1 5416 


« • • • 

•6082 


•0123 


traces. 


.... 


•0096 


(i 


•0260 


•3490 


•2180 


•1440 


•3559 


•4263 


•4766 


traces. 


.... 


traces. 


(( 


undet. 


undet. 


•054r 


-2120 
7-2823 


•1140 
7^3330 


9^6867 


1007^7 


. • . . 


• • • • 



1, 2 and 8 are waters from Caledonia, and rise about two 
miles from the spring 1, of the second table. These waters were, 
examined in September, 1847. The first, which is known as the 
Qas spring, then yielded about four gallons of water a minute, 
and discharged in the same time about 300 cubic inches of car- 
buretted hydrogen gas, whence its name. At a distance of four 
or five rods from this, are the second and third springs, known 
as the Saline and White Sulphur waters, yielding each about ten 
gallons a minute. The former affords a few bubbles of carbu- 
retted hydrogen gas, and. is not at all sulphurous, while the lat- 
ter contained a little sulphuretted hydrogen, equal to somewhat 
less than a cubic inch to the gallon. The temperature of the 
three waters was found to be respectively 44°4, 45° and 46° F, 
The carbonic acid in 1000 parts of the Gas spring was equal to 
•705, of which 'SSG, or a little more than one-half, is required 
for the neutral carbonates present. In the Saline spring there 
was found '648 of carbonic acid, being an excess of "292 over 
that required to form neutral carbonates; while in the Sulphur 
Spring, which contained in 1000 parts only 'OQO of carbonic 
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acid, '349 are contained in the neutral carbonates, leaving only 
•141 towards the formation of bi-carbonates. For later analyses 
of these waters see § 46, 

4. This, which is known as Gillan's spring, is from the town- 
ship of Fitzroy, not very far from the last. Its waters were 
collected in Jidy, 1850. 

5, 6. These two waters are from Yarennes, and are about one 
hundred rods apart. The first is known as the Saline, and the •, 
second is called the Gas spring from the large volumes of car- | 
buretted hydrogen gas which it disengages. The Saline spring 
contained in 1000 parts '920 of carbonic acid, of which '451, or 
nearly one half, is required to form neutral carbonates present 
In the Gas spring was found '792 of carbonic acid, leaving thus 
•312 over that required to form neutral carbonates. The waten 
were collected in October, 1848. 

7. This is from Labaie du Febvre, and is known as Oour- 
chfine's spring. It evolves small quantities of carburetted hy. 
drogen gas. The water was collected in September, 1852. Sev- 
eral other mineral springs occur in this vicinity, one of thei^ 
belonging to this class, and others to the second and fourtb 
classes. 

8. This water, from the seigniory of Beloeil, was collected in 
1851. 

§ 44. We shall now proceed to the springs which, in § 34, 
have been referred to the fourth class — and begin with three 
analyses of a mineral water from Chambly. Here, on a plateau, 
over an area of about two acres, the clayey soil is destitute of 
vegetation and impregnated with alkaline waters, which in the 
dry season give rise to a saline effloresence on the partially 1 
dried-up and jSssured surface. A well sank here to a depth of 
eight or ten feet in the clay, which overlies the Hudson Biver 
formation, affords at all times an abundant supply of water, 
which generally flows in a small stream from the top of the well 
Small bubbles of carburetted hydrogen are scwnetimes seen to 
escape from the water. The temperature at the bottom of the 
well was found, in October, 1861, to be 63° F., and in August^ 
1864, to be nearly 64° F, The mean temperature of Chambly 
can differ but little from that of Montreal, which is 44° '6 F., so 
that this is a thermal water. Another alkaline and saline spring 
in the same parish has also a temperature of 53° F. The water 
of the spring here ^described has a sweetish saline taste, and m 
much relished by the cattle of the neighborhood. Three analy- 
ses have been made of its waters, the results of wl;iich ;are hew 
given side by side. The first was .collected in October, 1861j; 
the second in October, 1^2 ; and the third in August, 1864, diu^ \ 
ing a very dry season. 
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1851. 

Chlorid of potassium uodet. 

•• sodium -8689 

Carbonate of sodium 1^0295 

** lime -0540 

" magnesia ^0908 

** strootia undet. 



(I 



(( 



tt 



iron 

Alumina and phosphate 

SUica '1220 

Borates, iodids and bromids undet. 



1852. 


1864. 


•0324 


•0182 


•8887 


•8846 


10604 


•9820 


•0380 


•0258 


•0765 


•0660 


•0045 


undet. 


•0024 


M 


•0063 


U 


•0730 


•0166 


undet 


undet. 



In 1000 parts 21652 



21322 



1-9917 



A portion of barium is included witli the strontium salt. The 
water contains moreover a portion of an organic acid, which 
causes it to assume a bright brown color when reduced by evap- 
oration. Acetic acid gave no precipitate with the concentrated 
and filtered water ; but the subsequent addition of acetate of 
copper yielded a brown precipitate of what was regarded as 
apocrenate of copper. The organic matter of this and of many 
other mineral springs has prolDably a superficial origin. The 
carbonic acid was determined in the third analysis, and was 
equal in two trials to -903 and '905. The neutral carbonates in 
this water require '452 parts of carbonic acid. 

§ 45. In the following table are given the results of the analy- 
ses of several other waters, which belong like the last to the 
fourth class. 



Table IV.—' 


Watxbs of the fourth Class. 






1. 


2. 


8. 


4. 


6. 


CSilorid of sodium 


•0207 
•0496 

• • • • 

•0081 

•1340 

•1740 

•1287 

traces. 

•0161 


•0S47 
•0076 
traces. 

...» 
•1952 
•0710 
•0278 

.... 
•0110 


•8818 
•0067 
•0216 

• • • • 

•2801 
•0620 
•0257 
... * 
•0246 


•8920 
•0818 
traces. 

• • • • 

11858 

undet. 
(( 

(( 


.... 

•0169 

•0188 

•0122 

•0410 

•2480 

•0690 

traces. 

•2060 


" potasssium 

Salnhate of soda 


** potash 


Carbonate of soda 


•* lime 

** magnesia 

LroD, alumina, phosphates. . . . 
smca. 


In 1000 parts. 


•6812 


•8473 

... % 


•7523 


1^5591 


. . . ' 


In 10.000 i>arts 








•6119 













1. This spring was met with some years since in constructing 
& lock on the Eichelieu River at St. Ours, and was enclosed in 
such a way that it is only accessible through a pump ; so that it 
is impossible to determine the amount of water furnished by the 
spring, or its freedom from admixture. The water was obtained 
in November, 1852, and is remarkable for the large proportion of 
potassium salts. 1000 parts of the water gave of alkalies deter- 
mined as chlorids, 0*2250 ; of which 0565 parts, or 2511 per 
cent, were chlorid of potassium. Another trial gave 24*52 per 
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cent ; while a portion of the water taken from the spring three 
weeks earlier gave a large proportion of alkalies, equal to 03400 
of chlorids; of which 0*0596, or 17'53 per cent, were chlorid of 
potassium. 

2. This spring occurs on the bank of the Jacques Cartier river, 
a little above Quebec. It is strongly impregnated with sulphur- 
etted hydrogen, and appears to contain a considerable proportion 
of borates. It was collected for analysis in the summer of 1852. 

3. This water is from a spring in the township of Joly on the 
opposite side of the St. Lawrence, a few miles south from the last, 
and like it is sulphurous, and affords a strong reaction of boric 
acid. It was collected for analysis in July, 1853. 

4. A small area of marshy ground in the seigniory of Nicolet, 
near the line of St. Gregoire, is, like the similar tract in Chambly, 
so impregnated with mineral water as to be destitute of vegeta- 
tion. The water collected in a small pit, dug in this locality in the 
autumn of 1853, was yellowish colored, and alkaline to the taste, 
and gave by analysis the above results. Several other alkaline 
springs occur in this vicinity. All of the preceding waters, with 
the exception of No. 2, which comes out from the Utica slates, 
rise, like that of Chambly, from the Hudson Eiver formation. 

5. This water, unlike the preceding, is that of a large river, 
the Ottawa, which drains a region occupied chiefly by ancient 
crystalline rocks, covered by extensive forests and marshes. The 
soluble matters which it contains are therefore derived in part 
from the superficial decomposition of these rocks, and in part 
from the decaying vegetation. The water, which was taken at 
the head of the St. Anne's rapids, on the 9th of March, 1854, be- 
fore the melting of the winter's snows had begun, had a pale 
amber-yellow color from dissolved organic matter, which gave 
a dark brown hue to the residue after evaporation. The weight 
of this residue from 10,000 parts dried at 300° F., was -6975, 
which after ignition was reduced to '5340 parts. As seen in 
the above table, one-half of the solid matters in this water 
were earthv carbonates, and more than one-third was silica, so 
that the whole amount of salts of alkaline bases was '088, (of 
which nearly one half is carbonate of soda) ; while the St. Ours 
water, which resembles that of the Ottawa in its alkaline salts, 
contains in the same quantity 4*248, or more than forty-eight 
times as much. The alkalies of the Ottawa water, equalled as 
chlorids, '0900, of which -0293 or 32*5 per cent were chlorid 
of potassium. The results of some observations on the silica and 
organic matters of this river water will be given in part III. It 
will be Observed that in the above table the figures given for 
the first five waters are for 1000 parts, while those of the Ottawa 
are for 10,000 parts. 

§46. In this connection may be given the analyses of two sim- 
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ilar springs from Vermont, the Higbgate and Alburg springs. 
The waters were sent me in October and November 1861, and 
the results have already appeared in the Geology of Vermont, 
vol. ii, p. 926. Both of these waters, when examined, were 
slightly sulphurous, and yielded the reactions of boric acid. 
The amount of carbonate of soda was estimated from the carbo- 
nate of baryta obtained by the process already mentioned in § 85. 

Highgate. Alburg. 

Chlorid of sodium '402 '140 

Sulphate of soda 042 '024 

Carbonate of soda -236 -230 

" lime -024 -036 

" magnesia '010 -022 

Potash and borates undet undet. 



In 1000 parts -713 -452 

§ 47. On the 5th January, 1865, after a lapse of more than 
seventeen years, I again visited the three springs of Caledonia, 
whose analyses have been given in the table § 43, and collected 
their waters for a second examination. The results of my recent 
analyses show that considerable changes have occurred in the 
composition of each of these springs, and tend to confirm in an 
unexpected manner, the theory which I long since put forward, 
— that the waters of the second and third classes owe their ori- 
gin to the mingling of saline waters of the first class with alka- 
line waters of the fourth class. It will be observed that the 
three Caledonia waters in 1847 were all alkaline, though the 
proportions of the carbonate of soda were unlike. Sulphates 
were also present in all of them, though most abundant in the 
Sulphur spring, which, although holding the smallest amount of 
solid matters, was the most alkaline. In January, 1865, how- 
ever, the first and second of these waters had ceased to be alka- 
line, and contained, instead of carbonate of soda, small quantities 
of earthy chlorid, causing them to enter into the second class. 
They no longer contained any sulphates, but, on the contrary, 
portions of baryta and strontia. On\j the Sulphur spring, which 
in 1847 contained the largest proportion of carbonate of soda and 
of sulphates, still retained these elements, though in diminished 
amounts, and was feebly impregnated with sulphuretted hydro- 
gen. If we suppose these waters to arise from the commingling 
of saline waters like those of Whitby and Lanoraie, containing 
earthy chlorids and salts of baryta and strontia, with waters of 
the fourth class holding" carbonate and sulphate of soda, it is evi- 
dent that a sufficient quantity of the latter water would decom- 
pose the earthy chlorids and precipitate the salts of baryta and 
strontia present ; while an excess would give rise to alkaline- 
saline waters containing sulphate and carbonate of soda, such 
as were the three springs of Caledonia in 1847. A falling-off in 
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the supply of the sulphated alkaline water has however taken 
place, and the result is seen in the appearance of chlorid of 
magnesium and of baryta and strontia in two of the springs, 
and in a diminished proportion of carbonate of soda in the Sul- 
phur spring. 

These later analyses being directed chiefly to the determina- 
tion of these changes, no attempt was made to determine po- 
tassium, iodine and bromine. For the purposes of comparison, 
the two series of analyses are here put in juxtaposition ; the 
elements just mentioned being included with the chlorid of so- 
dium, and the figures reduced to three places of decimals. The 
precipitate by a solution of gypsum from the concentrated and 
acidulated water was regarded as sulphate of strontia, and calcu- 
lated as such, but was in part sulphate of baryta. 

Table Y. — Shoeing the changes in the Caledonian Spkings. 





1. Gas Spring. 


2. Saline Spring. 


3. SoipbwSprisf. 


1847. 


1865. 


1847. 


1865. 


1846. 


1860. 


Ohlorid of sodium 


7-014 

a • • . 

•006 
•048 
•148 
•626 

• • • • 

•021 


6-670 
•024 

.... 

.... 
•096 
•466 
•009 
•020 


6-488 
.... 
•006 
•176 
•117 
•617 
.... 
•042 


6-980 
•026 

• • • • 

• • • • 

•096 
-469 
•012 
•016 


8-876 

. • • • 
•018 
-466 
•210 
•294 
• • • . 
•084 


$•685 
• • . • 
•021 
•091 
•077 
•228 
• . • • 
•021 


** magnesium 

Sulnhate of Dotash 


CarDODAte of soda • 


«« lime 


** mafimesia 


" strontia 

Silica 


In 1000 Darts 


7-762 


7*174 


7-346 


7^647 


4-988 


4128 

















In the recent analyses of these waters, the carbonic acid ia 
the Gas spring was found to equal, for 1,000 parts, -671 ; of whioh 
•278 were required for the neutral carbonates. The Saline spring 
contained '664 of carbonic acid, of which '290 go to make up the 
neutral carbonates. The Sulphur spring, in like manner, gave 
of carbonic acid '573, while the neutral carbonates of the water 
require only '191. All of these waters in January, 1865, thus 
contained an excess of carbonic acid above that required to form 
bicarbonates with the carbonated bases present; while the analy- 
ses of the same springs in 1847, showed, as we have seen in §6, 
a quantity of carbonic acid insufficient for the formation of blear- 
bonates. The questions of this deficiency, and of the variation 
in the amount of carbonic acid in these and other waters will be 
considered in the third part of this paper. 
§ 48. The waters of our fifth and sixth classes, as defined in 
34, are distinguished by the presence of sulphates ; the former 
»eing acid and the latter being neutral waters. In the fifth cUm 
the principal element is sulphuric acid, associated with variable 
and accidental amounts of sulphates of alkalies, lime, magneiiai 
alumina, and iron. Apart from the springs of thb kind which 
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occur in regions where volcanic agencies are evidently active, 
the only ones hitherto studied are those of New York and west* 
em Canada ; which issue from unaltered, and almost horizontal 
Upper Silurian rocks. (§ 31.) The first account of these re- 
markable waters was given in this Journal in 1829 (vol. xv, 
p. 238), by the late Prof. Eaton, who described two acid springs 
m Bvron, Genesee Co., N. Y. ; one yielding a stream of dis- 
tinctly acid water sufi&cient to turn a mill-wheel, and the other 
affording in smaller quantities a much more acid water. The 
latter was afterward examined by Dr. Lewis Beck (Mineralogy 
of New York, p. 150). He found it to be colorless, transparent 
and intensely acid, with a specific gravity of 1*113 ; which cor- 
responds to a solution holding seventeen per cent of oil of vitriol. 
No chlorids, and only traces of lime and iron, were found in this 
water, which was nearly pure dilute sulphuric acid. Prof. Hall 
(Geology of New York, 4th District, p. 134\ has noticed in addi- 
tion to these, several other springs and wells of acid water in the 
adjacent town of Bergen. Farther westward, in the town of Al- 
abama is a similar water, whose analysis by Erni and Craw will 
be found in this Journal, [2], ix, 450. It contained in 1000 parts 
about 2*5 of sulphuric acid, and 4*6 parts of sulphates, chiefly of 
lime, magnesia, iron and alumina. In this, as in the succeeding 
analyses, hydrated sulphuric acid, SOgHO, is meant. 

Tne earliest quantitative analyses of any of these waters were 
those by Croft and myself of a spring at Tuscarora, in 1845 and 
1847; of which the detailed results appear in this Journal, [2], 
viii, 864. This, at the time of my analysis in September, 1847, 
contained, in 1000 parts, 4*29 of sulphuric acid, and only 1*87 of 
sulphates ; while the previous analysis by Prof. Croft gave ap- 
proximatively 3*00 of neutral sulphates, and only about 1*37 of 
sulphuric acid. Similar acid waters occur on Grand Island 
above Niagara Falls, and at Chippewa. 

All of these springs, along a line of more than 100 miles from 
east to west, rise from the outcrop of the Onondaga salt-group ; 
but in the township of Niagara, not far from Queenston, are two 
umilar waters which issue from the Medina sandstone. One of 
these is in the southwest part of the township, and fills a small 
basin in yellow clay, which, at a depth of three or four feet, is 
underlaid by red and green sandstones. The water, which like 
those of Tuscarora and Chippewa, is slightly impregnated with 
sulphuretted hydrogen, is kept in constant agitation from the es- 
cape of inflammable gas. It contained, in 1 000 parts, about two 
parts of free sulphuric acid, and less than one part of neutral 
sulphates. This water was collected in October, 1849, and at that 
time another half dried-up pool in the vicinity contained a still 
more acid water. Anotner similar spring occurs near St. Da- 
vids in the same township. 

Am. Joum. 8ci.—8bconi} Sebieb, Vol, XL, No. 118.— JuLi, 18HS5. 
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In connection with the suggestion made in § 81 as to their 

Srobable origin at great depths, it would be very desirable to 
ave careful observations as to the temperature of these acid 
springs. When, on the 19th October, 1847, 1 visited the Tusca- 
rora spring, the water in two of the small pools had a tempera- 
ture of 56° F. ; but on plunging the thermometer in the mud 
at the bottom of one of these it rose to 60°'5. 

§ 49. It appears from a comparison of the analysis of Croft 
with my own, that the waters of the Tuscarora spring underwent 
a considerable change in composition in the space of two years; 
the proportion of the bases to the acid at the time of the second 
analysis being little more than one-third of that in the analysis 
of Croft. This change was indeed to be expected, since waters 
of this kind must soon remove the soluble constituents from the 
rocks through which they flow, and eventually become like the 
water from Byron, little more than a solution of sulphuric acid. 
The observations of Eaton at Byron, and my own at Tuscarora, 
show that half-decayed trees are still standing on the soil which 
is now so impregnated with acid waters as to be unfit to support 
vegetation. Reasoning from the changes in composition, it may 
be supposed that these waters were at first neutral, the whole of 
the acid being saturated by the calcareous rocks through which 
they must rise. It was from this consideration that I was for- 
merly led to ascribe to the action of these waters, the formation 
of some of the masses of gypsum which appear along the outcrop 
of the Onondaga salt-group. (This Journal, [2], vii, 175.) That 
waters like those just mentioned must give rise to sulphate of 
lime by their action on calcareous rocks is evident ; and some 
of the deposits of gypsum in this region, as described by good 
observers, would appear to be thus formed. So far, however, as 
my personal observations of the gypsums of western Canada 
have extended, they appear to be in all cases cotemporaneous 
with the shales and dolomites with which they are interstratified, 
and to have no connection with the sulphuric-acid springs which 
are so common throughout that region. (This Journal, [2], xxviii, 
866, and Geology of Canada, 853.) 

§ 50, We have included in a sixth class the various neutral 
saline waters in which sulphates predominate, sometimes to the 
exclusion of chlorids. The bases of these waters are soda, pot- 
ash, lime, and magnesia; which are usually found together, 
though in varying proportions. For the better understanding 
of the relations of these sulphated waters, it may be well to 
recapitulate what has been said about their origin ; and to con- 
sider them, from this point of view, under two heads. 

First, those formed from the solution of neutral sulphates 
previously existing in a solid form in the earth. Strata enclosing 
natural deposits of sulphates of soda and magnesia, sometimes 
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with sulpliate of potash (§ 17, § 19), afiford the most obvious 
source of these waters. The frequent occurrence of gypsum, how*- 
ever, points to this salt as a more abundant source of sulphated 
watens. Solutions of gypsum may in some case exchange their 
lime for the soda of insoluble silicates, or this salt may be decom- 
posed by solutions of carbonate of soda (§ 7, § 19). The decompo- 
sition of the sulphate of lime by hydrous carbonate of magnesia^ 
as explained in § 21, is doubtless in many cases the source of sul- 
phate of magnesia, which is, more frequently than sulphate of 
soda, a predominant element in mineral waters. In connection 
with a suggestion made in the section last cited, it may be re^ 
marked that I have since found that predazzite^ in virtue of the 
hydrate of magnesia which it contains, readily decomposes solo- 
tions of gypsum holding carbonic acid in solution, and gives 
rise to sulphate of magnesia. 

In the second place, sulphuric-acid waters, like those described 
in § 47, by their action upon calcareous and magnesian rod^s, 
or by the intervention of carbonate of soda, may, as already sug- 
gested, give rise to neutral sulphated waters of the sixth class. 
It is evident also th/it waters impregnated with sulphates of alu- 
mina and iron from oxydizing sulphates, as mentioned in § 28, 
may be decomposed in a similar manner, and with like results. 

Neutral sulphated waters generated by any of the above pro- 
cesses, are evidently subject to admixtures of saline matters from 
other sources, and may thus become impregnated with chlorids 
and carbonates. Indeed it is rare to find waters of the sixth class 
without some portion of chlorids, and a transition is thus pre- 
sented to the waters of the first four classes ; in which also por*- 
tions of sulphates are of frequent occurrence. The presence of 
sulphates being one of the conditions required for the generation 
of sulphuretted hydrogen (§ 10), we find that the waters of the 
sixth class are very often sulphurous. 

§ 51. Waters of the sixth class are very frequently met with 
in the Paleozoic rocks of New York and western Canada, and 
are probably derived from the gypsum which is found in greater 
or less abundance at various horizons, from the Calciferous sand- 
rock to the Onondaga salt-group. It is however not improbable 
that the sulphuric-acid waters which abound in this region (§ 48) 
may, by their neutralization, give rise to similar springs. In the 
waters of the district under consideration, the sulphate of lime 
generally predominates over the sulphates of the otner bases, and 
chlorids are frequently present in considerable quantities. For 
numerous analyses of these waters, see Beck, Mineralogy of New 
York. The results of an examination of the Charlotteville 
spring, remarkable for the amount of sulphuretted hydrogen 
which it contains, will be found in this Journal, [2], viii, 369. A 
very copious sulphur spring which issues from a mound of cal- 
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careous tufa in Brant, C. W., overlying the Corniferons lime- 
stone, is distinguished by the absence of any trace of chlorids; in 
which respect it resembles the acid waters of the fifth class from 
the adjacent region. A partial analysis of a portion of it collected 
in 1861, gave, fer 1000 parts, sulphate of lime 1*240, sulphate of 
magnesia "207, and carbonate of lime. '198. From a slight excess 
in the amount of sulphuric acid, it is probable that a little sul- 
phate of soda was also present. 

Of waters of this class, in which sulphate of magnesia predom- 
inates, but few have yet been observed in this country. A re- 
markable example of this kind from Hamilton, C. W., was ex- 
amined by Prof. Croft of Toronto, and described by him in the 
Canadian Journal for 1853 (page 158). It had a specific gravity 
of 10064, and gave for 1000 parts, 

Chlorid of sodium, • "6098 

Sulphate of soda, 1*6986 

•* lime, 1-1246 

** magneMa, 4*7'799 

8-1126 

The rocks exposed at Hamilton include the Medina sandstone, 
and the Niagara limestone, with the intermediate Clinton group. 
Along the outcrop of the latter, crystalline crusts of nearly pure 
sulphate of magnesia are observed to form in many localities, 
during the dry season of the year. (Geology of Canada, p. 460.) 

According to Emmons, the Post-tertiary clays near Crown 
Point, on the western shore of Lake* Champlain, are during 
dry weather covered with efflorescences of sulphate of magnesia, 
which impregnates several springs in the vicinitjr. The water 
of one of these, according to Emmons, had a specific gravity of 
lOli'O, and contained, in 1000 parts, 18'78 of saline matter, wnich 
was chiefly sulphate of magnesia, with some sulphate of lime. 
(Cited by Beck, Mineralogy of New York, p. 252.) The strata 
underlying the clays of this region belong, according to the State 
geological map, to the Potsdam, Calciferous and Trenton forma- 
tionSf but the source of the magnesian salt is not improbably to 
be found in the clays themselves. 

In the third and concluding part of this paper, it is proposed 
to notice briefly some of the more important points in tne chem- 
istry of the various waters which have been here described, and 
to inquire into their geological relatious. 
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Art. Vm. — On Molecular Physics ; by Prof. W. A. Norton, 

[Continued from yoL xzxix, p. 254.] 

TTiermo-Ekctricity. — The key to thermo-electric phenomena 
should be found in the effect produced by heat on the electric 
condition of molecules. Now when heat is applied to a surface, 
the molecules at the surface first receive the ethereal pulses of 
which the force of heat consists. These pulses passing on to the 
central atom of each molecule, or the condensed universal ether 
at the center of the molecule, are there partially expended in 
expanding its electric atmosphere on the outer side, and are par* 
tially propagated on. Upon reaching the inner side of the atom 
they will again be partially consumed in expanding the atmos- 
phere on that side, while a certain portion will be transmitted to 
the next atom. It is easy to see that this second expansion should 
be less than the first. Under these circumstances two important 
electrical effects will be produced. (1.) By reason of the greater 
expansion of the atmosphere on the outer than on the inner side, 
its density will be diminished on the outer side, and hence elec- 
tric ether will flow around to that side. The molecular atmosphere 
will therefore become polarized positively on the outer side. (2.) As 
a consequence of this polarization the molecular atmosphere will 
urge aivayfrom it a portion of the electric ether posited near its surface^ 
and tend to develop a negative polarization in the particles of contigu- 
ous surfoLces. The surface receiving the heat will then become 
positively polarized, and there will be at the same time an elec- 
tric movement outward from the surface. Cold, or the abstrac- 
tion of heat, wiirhave precisely the opposite tendency; that is, 
a suT&ce in the act of cooling will become negatively polarized, 
and this change will be attended with a flow of electricity toward 
the surface. Such movements of the electric ether will be in 
waves of translation, or in currents of free electricity, or both 
combined, according to the conducting power of the medium 
exterior to the surface (p. 252). Substances may differ in the 
effects thus produced, under similar circumstances, from two 
causes ; a dinerence in their conducting power for heat, and a 
difference in the degree of expansion, or in the effect of the ex- 
pansion produced by the same amount of heat. 

Now let a plate of bismuth be placed in contact with a plate 
of antimony, and let the junction be heated and the other ends 
be brought into good conducting communication. If the above 
mentioned effects of heat be different for these two metals, a 
current should set, at the junction, from the one which experi- 
ences the greatest effect to that which experiences the least, and 
pass through the circuit Bismuth is a poorer conductor of heat 
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than antimony, and in fact than most other metals, and hence 
its surface molecules should imbibe and retain more heat than 
those of the antimony. The diamagnetic properties of bismaih 
also indicate, as will be seen hereafter, that its molecular atmos- 
pheres are remarkably expansible. If these peculiarities of bis- 
muth be admitted, we have an explanation of the fact that bis- 
muth is positive' to other metals in its thermo-electric relationa 
The bismuth and antimony in the thermo-electric pair, it will be 
observed, hold the same relation to each other as the zinc and 
copper in the galvanic pair, and the heat does the same electri- 
cal duty in the one, that the oxygen does in the other. 

If the other ends of the two metals be brought together and 
cooled, the current will be reenforced, since the molecular at- 
mospheres of the bismuth will contract more than those of the 
antimony. (See effect of cold, p. 61.) 

It has been ascertained as the result of numerous experiments^ 
that " increasinff the temperature of the negative metal gene^ 
ally increases the amount of deflection of the galvanometer 
needle produced by heating the junction; while if the higher 
heat is applied to the metal which is positive at moderate tern* 
peratures, a current in the opposite direction is established." To 
get at the explanation of these curious effects we must observe 
that the '' higher heaf^ spoken of is applied at a certain distance 
from the junction, and hence it is the inner sides of the surface 
molecules which first receive the heat from this second source, 
and become positively polarized. Accordingly, the current should 
be strengthened in the first case, above mentioned, and weak- 
ened in the second. It has also been observed that a current 
may be excited with two wires of the same metal, by heating 
the end of one and bringing it in contact with the other ; and 
that the direction of the current at the junction is from the cold 
to the hot wire." In this case it is to be remarked that the hot 
wire is in the act of cooling, and hence there should be an elec- 
tric movement toward its surface (p. 61), or from the cold to 
the hot wire, through the junction. 

Pyro-electric Crystals. — Tourmaline is the most conspicuous 
crystal belonging to this class. "A prism of tourmaline has dif- 
ferent secondary planes at its two extremities, or, as it is ex- 
f)ressed, is heminedrally modified." This peculiarity of crystal- 
ization, which also obtains in the other pyro-electric crystals, 
indicates that in the direction of the axis, the molecules of the 
crystal have different mechanical properties on opposite sides. 
In this condition of things we may reasonably suppose that the 
molecular atmospheres would expand unequally on opposite 

' By the positive metal is here meant that which imparts, at the heated jtmctiooi 
positive electricity to the other metal. This is often termed the negative metal 
ii§ pohanzaltXon is positive, but its electrical state is negative (p. 246). 
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sides, under the influence of the same amount of heat. If this 
be admitted we have a complete explanation of the electric phe- 
nomena exhibited by the tourmaline when heated, in accordance 
with the principles already laid down. Thus, let a tourmaline 
be heated regularly, that is, so that all points of its surface shall 
receive equal increments of heat ; at all points of the surface the 
unequal expansive action of the heat upon the two sides of the 
molecular atmospheres in the axial direction, will determine 
their polarization, and an attendant electric movement from the 
positively polarized side of one molecule to the negatively polar- 
ized side of the next. There should accordingly be opposite 
electrical states manifested at the ends of the crystal. This state 
of things should continue so long as the temperature is rising. 
But it is to be observed that the effective polarization determined 
in each molecule by the heat is weakened by the discharge that 
takes place from one molecule to the next, and that from this 
cause the signs of electrical excitement at the ends of the crystal 
will be much feebler when the temperature becomes uniform 
than they would otherwise be. Now if the heated tourmaline 
he cooled regularly, the process that attended upon the heating 
wiU be reversed, and the electrical states, or effective poles, 
will be reversed. This reversal of the poles may occur soon 
after the temperature begins to fall, because of the above men- 
tioned weakening of the effective polarization ; since this remain- 
ing polarization, when the temperature becomes uniform, which 
is really effective upon bodies placed near the ends of the tourma- 
line, may be no greater than the opposite transient polarization 
that may arise from a small loss of temperature. 

Mutual Attractions and JRepulsions of Electric Currents. — We 
have seen that in an electric current there is a flow, or onward 
movement of electric ether throughout the entire route of the 
current. Now the rapidly moving molecules of electric ether 
must act impulsively against the universal ether in their path ; 
and every such impulse must be propagated indefinitely outward 
through this ether. The innumerable impulses thus originating 
in a current are parallel to the direction of the current, and 
must take effect upon all surrounding molecules in this direction. 
They constitute what may be called the external impulsive force 
of the current. The well known phenomena under immediate 
consideration, as well as all the other phenomena of the external 
action of currents to be discussed, are to be ascribed to the ope- 
ration of this external impulsive force. Let ns first take the case 
of two parallel wires conveying currents in the same direction. 
The impulses propagated from these wires will tend to weaken 
the tension of the universal ether lying between the wires. A 
similar effect, but less in amount, will be produced upon the 
ether lying on the outer sides of the wires. The ethereal tension 
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should therefore be in excess upon the outer sides of the wire*, 
and hence they should be urged toward each other, or there 
should be an apparent attraction between the wires conveying 
the currents. The excess of ethereal tension here alluded to is 
attributable to the fact that the impulses proceeding from the 
one wire, in being propagated through the other, are materially 
reduced in intensity. This effect results mainly from the disper- 
sion produced by the interstitial ether, which is brought into a 
very disturbed state of density by the swiftly moving atoms of 
the electric ether in the current. When only one of the wiret 
conveys a current, no attraction or repulsion is observed, be^ 
cause the dispersion just mentioned is wanting. 

If the currents be supposed to traverse the wires in opposite 
directions, then the same operative cause, the external impulsiye 
forces of the currents, will compress the ether between the wirei^ 
to a greater degree than beyond them, and thus there will be m 
effective force urging them farther apart. 

Let o, fig. 8, be a point of one of the currents, from which an 
impulse is propagated, and ai, ac, ady 
lines radiating from it and crossing the ^ / ^ 

second wire, v, under different degrees ^^^^^^^^ 
of obliquitv. The dotted lines drawn ^ ^j /^"^^ 

between Ja and eg represent the lines of \C^ 

moving electrical atoms. Each of the r '^' J 

lines a&, ac^ ad, will cross the same num- 
ber of such lines, and therefore impulses propagated along them 
will encounter the same number of moving atoms, and experi- 
ence the same proportional diminution. This diminution should 
be a certain constant fractional part of the impulse that reaches 
any point of the nearer side, eg, of the wire. The diminution 
of the propagated impulse, in traversing the wire, simply bj 
reason of the increased length of the passage, as the line is more 
oblique, should also be a constant fractional part of the impulse; 
since fc is the same proportional part of af, or an for each point 
of the wire. Hence the action of any point a of the first wire, 
upon any point/ of the second, should be inversely proportional 
to the square oi the distance ; and the entire force of action of 
one indefinite wire upon another should be inversely propo^ 
tional to the distance between the two. (See Lam^, Oours de 
Physique, vol. iii, p. 286.) 

If the currents cross each other under a certain angle instead 
of being parallel, it may be seen by attending to the mutual 
actions oi the separate points of tne two currents, that there 
will be attractions or repulsions according to the relative direc- 
tions of the currents at the points ; and that the entire action 
will tend to bring the two currents into the same direction, in 
which the attraction will be a maximum. 
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External Action of an Electric Current upon bodies in their 

natural state. — In undertaking to deduce from our fundamental 

principles the varied phenomena of the action of a current upon 

oodies in its vicinity, we have to consider that there are iux> 

modes in which the external impulsive force of a current may 

act upon such bodies and develop currents ; the one direct, and 

the other indirect, (1.) The propagated impulses may take 

effect directly upon the atoms of the electric atmospheres of the 

molecules, impelling them in the same direction that the primary 

current is moving, and so tend to generate a current similar to 

the primary. (2.) Or these same ethereal impulses may fall 

upon the central atoms of the molecules, force up the atmos- 

Sheres on the side of the atoms upon which they fall, and so 
evelop a current opposite to the original one. We have to 
consider, also, that the external current-force may operate, the- 
oretically, in both these ways, either upon the simple molecules 
which are grouped together into compound molecules, or upon 
compound molecules as a whole. The action upon the constituents 
of the compound molecules, tends to develop currents within 
the mass of these molecules. Among the variety of especial 
currents which may thus be excited, we have particularly to 
note those which may be developed in the surface of each group, 
and circulate around it, from particle to particle. If the direct 
mode of operation of the primary current predominates, such 
circular currents are magnetic ; if the indirect prevail, they are 
diamagnetic. If the two tendencies countervail each other, the 
substance is in a neutral magnetic condition. The neutral mag- 
netic state may also result from the absence of groups of parti- 
cles in the substance, within which circular currents can be 
established. 

To the action of the current upon each compound molecule, 
irith its own proper atmosphere (p. 241), as a whole, are to be as- 
cribed the remarkable phenomena of Induced Currents, especially 
so-called. Experiment has hitherto failed to detect the exist- 
ence of any current, from one such molecule to another, or 
through the mass of a body, produced by the uniform action of 
an established current. All such induced currents result from 
either an increase or a decrease in the effective action of the in- 
ducing current, and are wholly due to the indirect mode of ope- 
ration of this current. This fact indicates, in accordance with 
the views that have been advanced upon electric polarization, 
(p. 242), that the current develops a polarization in the com- 
pound molecules of bodies, which increases or decreases as the 
external impulsive action of the current increases or decreases, 
but remains constant so long as this action continues the same. 
This polarization is Faraday's "Electro-tonic state" of bodies. 
Magnetism, — The general nature of the magnetic currents, as 

Am. Jour. Scl—Sbcond Sbbies, Vol. XL, No. 118.— July, 1865. 

9 



66 W, A. Norton on Molecular Physics, 

distiDguished from other electric currents, has just been indicated. 
The existence of such currents in the surface of a compound 
molecule seems to imply that there is a virtual chain of particles 
extending circularly around it, which there would be if the num- 
ber of particles in each group be large. Anvp^re's researches 
have completely established that the idea of circular molecular 
currents is the key to all magnetic phenomena. It suflSces, there- 
fore, for our present purpose, to show, as has been done, that 
such currents are legitimately deducible from the fundamental 
conceptions laid down at the outset ; and that the mutually attrac- 
tive and repulsive actions of currents may also be derived from 
the same mechanical ideas, (p. 63). We adopt, then, definitively. 
Ampere's theory of the constitution of a magnet. 

The immediate cause of the development of magnetic currents 
is the direct impulsive action of an established current, taking 
effect upon the particles in the surface of compound molecules. 

In respect to magnetic properties, we have specially to distin- 
guish soft iron and steel. The cause of their difference of prop, 
erty seems to lie simply in a difference in the conducting power 
of the groups of particles into which they are aggregated. If 
in soft iron these groups are good conductors, the electric ether 
set in motion should pass freely around them, unattended with 
any material polarization of the particles, and unresisted by the 
force that results from such polarization, (p. 245). When the 
exciting cause ceases to operate, there is no force remaining to 
counteract the resistance of the universal ether to the flow of 
the electricity, and the retarding operation of contiguous oppos- 
ing currents. But if we suppose that, in the case of steel, the 
molecular groups are imperfect conductors, the magnetizing 
force will develop a polarization of the separate molecules ; and, 
as a consequence, the currents may pass chiefly through their 
atmospheres, as in the case of electric induction, (p. 243). In 
this state of things, when, the force is withdrawn, it does not 
follow that the magnetic currents will entirely pass off; for there 
would apparently be a force in operation which would tend to 
retain currents of a certain intensity in circulation. This is the 
mutual action of the contiguous positive and negative sides of 
two molecules, throughout. the chain. It would seem that suoh 
a circular chain of particles would not, of necessity, attain to a 
condition of statical polarization, but might reach a dynamical 
equilibrium ; in which the impulsive force, from each discharge 
brought about by the action of contiguous molecules, should 
restore the polarization lost by the discharge to the next pre- 
ceding molecule.* 

' It is worthy of consideration, whether certain phenomena of Inminosiij, u 
phosphorescence, heat lightning, <Scc., may not have a similar origin, viz : in rec1l^ 
ring discharges resulting from a previous molecular polarization, established by an 
electric discbarge through the mass; or from a similar efifect produced in a fedUer 
degree by heat or light 
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According to this view, permanent magnetization consists in 
polarizing the molecules, and it is this induced state which de- 
termines and maintains, in opposition to all resistances, currents 
of a certain intensity. A certain amount of force (" coercive 
force '^ and a certain interval of time, are expended in develop- 
ing this polarization. At the same time it is only when this force 
is exerted with this result that permanent magnetism can exist. 
Heat, or a blow, or an electric discharge, by destroying the mo- 
lecular polarization, may demagnetize the bar. It is also to be 
observed that intense heat may demagnetize a bar, and destroy 
the susceptibility to magnetism in iron or steel, by breaking up 
the ^oups of particles into which the mass is aggregated. 

Diamagnetism. — ^It has already been intimated that the dia- 
magnetic state into which certain substances, as bismuth, phos- 
phorus, antimony, &c., are brought by the action of a powerful 
magnet, probably consists in the circulation of currents around 
the compound molecules of the mass, in the opposite direction 
to the inducing current ; and that these currents result from the 
second mode of operation of the external force of the primary 
current, (p. 65). Accordingly, the susceptibility to diamag- 
netism must arise from a special liability to expansion on the 
part of the electric atmospheres of the simple molecules, when 
urged upward by the ethereal pulses that fall upon their central 
atoms. 

Electro-Magnetism. — ^The essential theory of the developement 
of magnetism by electric currents, and of electro-magnetic phe- 
nomena generally, is embraced in what has already been stated^ 
(pp. 63-4-n5). 

MagnetO'JElectricity. — The excitation of electric currents bv 
magnetic action is a phenomenon of pure induction, and wiu 
be included under the next head. 

Indiu^tion of Electric Currents. — The term induction, as ordin- 
arily used in Dynamical Electricity, has reference only to the 
development of currents, through wires, or upon the surfaces, or 
within the mass of bodies. It will suffice to confine our atten- 
tion to the origination of currents in wires forming a closed 
circuit. The general idea of the process, as contemplated from 
our theoretical point of view, has already been indicated. The 
fimdamental principle which covers the whole ground is, that 
whenever the action of the impulsive force of any current be- 
gins, or is on the increase, the induced current sets in the oppo- 
site direction to the inducing current; and when the same action 
terminates, or is on the decrease, the induced flows in the same 
direction as the inducing current. The rationale is, that the ethe- 
real pulses of the originating force fall upon the condensed ether 
at the central portion of each group of molecules, and urge out- 
ward the interstitial electric ether on that side of the £roup. 
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This determines a flow of a certain portion of the electric ether 
around to that side ; and a consequent positive polarization on 
that side of the group, or compound molecule. While this 
process of polarization is going on, there must then be a flow of 
electricity from one compound molecule to the next, in the same 
direction in which the transfer of ether occurs within the mole- 
cules themselves, as an inevitable attendant upon the increasing 
polarization (p. 242). When the primary action becomes con- 
stant, there simply abides a state of static polarization, — an 
"electro-tonic state," — in which an equilibrium prevails through- 
out the circuit. But rrhen this action falls off, the polarization 
maintained by it must decline, and a current arise setting in the 
opposite direction to the former one (p. 67). The inducing 
current may be either electric, or magnetic, so-called. The in- 
crease of its action upon the adjacent wire may result either 
from the closing of the circuit in the case of a galvanic cur- 
rent, or the magnetization of the iron when a magnet is em- 
ployed; or from the approach of the current to the wire; or 
from a change in the position of the wire in the magnetic field, 
attended with an augmentation in the action of the external im- 
pulsive force exerted by all the circular currents of the magnet 
A decrease in the polarizing effect of the inducing current may 
result from an interruption of the circuit, or a diminution in the 
force of the magnet, or a recess of the wire from the current, or 
a movement of the wire in the magnetic field attended with a 
diminished action of the entire impulsive force of the magnet. 

The oppositely directed currents induced by alternately clos- 
ing and breaking the galvanic circuit, when the two contiguous 
wires are lbrm«d into a hollow coil, are greatly augmented hy 
inserting rods, or bundles of iron wire within the coil. The 
explanation of this is, doubtless, that the direct action of the 
galvanic current is reenforced by the magnetic currents which 
it develops in the iron. The other cases of induction above 
referred to need not be dwelt upon, with the exception of that 
resulting from the movement of a wire to different points of the 
magnetic field. 

This case has been subjected to a rigorous experimental analy- 
sis by Faraday, who has deduced from his researches the follow- 
ing general results. If a wire, forming part of a closed circuit, 
be held in a direction transverse to a magnet, and moved in the 
magnetic field, across the "lines of for<5e," or magnetic curves, a 
current will be induced in the wire. If the wire be moved ia 
one direction across these lines of force, a current in a certain 
direction will arise, and if it be moved across them in the other 
direction, a current in the opposite direction will be induced. 
The quantity of electricity set in motion will depend upon the 
number of lines of force crossed by the moving wire, and not 
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upon the obliquity of tlie direction of the motion to these lines. 
Thus, if the wire be placed over the middle of the magnet, (m, 
fig. 9), and moved in any 
direction &om this position, 
across the lines of force as 
shown in the figure, a cur- 
rent will be induced in it, 
running in the same direc- 
tion as the circular currents • . ^ 
on the upper side of the mag- - J^^ i !' / 
net; and if the wire be mov- -4^ 
ed across these lines toward 



the middle of the magnet, a 

current will traverse the wire 

in the opposite direction. In 

eaxih case the comparative quantity of electricity set in motion, 

will depend solely upon the comparative number of magnetic 

curves crossed, and not upon the line, mr, ms, or mtj along which 

tke movement takes place. 

These facts are in entire accordance with the fundamental prin- 
ple of induction, stated on page 67. For, (1.) the impulsive 
force of the magnet, at any point of the field, is the resultant of 
the special impulsive forces due to all the circular currents of 
the magnet, and has the same direction as these currents in the 
upper face of the magnet. (2.) This resultant will have the 
greatest value at the middle of the magnet, m, and decrease in 
all directions from this point. (3.) The curves of equal impul- 
sive force correspond very closely to Faraday's " lines of force." 
For it will be seen on a little reflection, that the force will, be- 
yond a certain distance from the middle, if not from the very 
middle, decrease most rapidly parallel to the surface of the mag- 
net ; and that the curves or equal impulsive force, proceeding 
from points on the ends of the magnet, will recede, over the 
middle of the magnet, to a greater distance from it than half its 
length. This is strikingly true of the curves that originate from 
near the center of each end ; for at the very center, the force in 
question vanishes entirely, and therefore the curves for that 
point would be thrown to an infinite distance from the middle 
of the magnet. 

In making a comparative estimate of the impulsive force of 
the magnet in different parts of the field, it should be observed 
that in receding from the magnet the force that results from any 
one molecular current is the resultant of the opposing impulses 
propagated from the oppositely directed currents on the nearer 
and &rther sides of the molecule, and that this not only depends 
upon the distance of the point from the molecule, but also upon 
the obliquity of the line connecting the two, to the plane of 



70 W. A. Norton on Molecular Phy$ie$. 

the circular current. For the same distance the resultant will 
be greatest when the point lies in this plane, and zero when the 
point is opposite the center of the current. Bearing this in 
mind^ it may readily be seen that if a line, uVj be drawn parallel 
to the axis of the magnet, at any distance from it, the impulsive 
force of the magnet, along this line, will decrease from the point 
«, opposite the middle of the magnet, indefinitely in both airec- 
tions. Also that the force will decrease along a line, as i/, pa^ 
allel to the end, and vanish at o in the prolongation of the axis. 
To obtain a general expression for the intensity of the exter- 
nal impulsive force of the magnet, let 
abcd^ fig. 10, be a magnet, and let us ^^s 
regard its eflfective action upon any mole- | ^ f 
eule, at/ as the result of the joint action j ,-;xj^ | n::;-.sL 
of two sets of opposing currents, the one ^ '" ^^^^^^^^^mg j^ 
lying in the upper face a\ and the other ^^^^^^^^^^B 
in the lower face cd. Let r?/=y, nr=2, 
nr'^^z'^ nb=Uf na=v, ac=dy and m=coefficient of the impulsive 
force of an individual current. Then for the action of r upon/ we 

nave -r-. — r; and for the action of nr, /-=-, — s=— tang -+C. 

For the entire action of nJ, we have the definite integral 

— tang -. In a similar manner we obtain, for the opposing 

action of od, —-r-^tang --r-^. The eflfective impulsive action 
of the portion nodhoi the magnet, will then be 

— tang -j--j tang 



y y y+d ^ y+d' 

The eflfective action of the other portion, naoc^ of the magnet^ 



m , -^v m -^ V 



will be — tang r-^ tang , .. 

y y y+d y+d 

We therefore have, for the entire action of the magnet, 
«, = -(tar,g - + tang -)-^(tang p:p+tang _), 

^r, «; = ^(arca/6)-^(arcc/rf) (a.) 

When y is large as compared with d, we have approximately 

tn 
w = —(arc afc + arc hfd) (b.) 

^0 obtain the equation of the curve of equal impulsive force^ 
let Ttm^x^ and rm^t Then nr=2!=a;+<, and nJ=tA=a5+ 
+m6=a5+a. Also na=v=a— a:. Hence, 
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C here represents the constant intensity of the impulsive force 
)f the magnet, for one curve. The value of C decreases as the 
listance of the curve from m, fig. 9, increases. The equation (b) 
shows that for the larger curves, except near the njagnet, a/c4- 
i/rf, must vary in nearly the same ratio with the ordinate y, 
from one point to another of the curve. To the left of the line 
%k the arc afc becomes negative in equation (b). Equations (a) 
and (c) fail for y=0. 

The investigation here made proceeds upon the supposition 
that the breadth of the magnet is indefinitely small. If we sup- 
pose it to be indefinitely great, the action of each individual 
transverse current upon any point,/ fig. 10, would be inversely 
proportional to the distance of the current from this point,* and 
it will be readily seen that the amount of force propagated to/ 
within any angle, as Tnfr', will be the same whatever may be 
the value of /n. 

The equation for the value of the effective impulsive force will 
be approximately of the form 



«'=*& + ^')5 



I being a constant coefficient dependent upon the strength of 
the magnet, — I and I' the parts of the length, a 6, of the magnet, 
comprised between the angles afc and bfd subtended by the 
two ends, — and w, n' the mean distances of these parts from / 
We approximate to this state of things in proportion as the 
magnet is supposed to be broader, and shorter and thinner ; or 
in proportion as, with a magnet of given dimensions, the point 
f is taken nearer to the magnet. 

Let us now replace Faraday's lines of force bv the curves of 
equal impulsive force of the magnet, and consiaer what should 
be the effect of moving a wire across them, along any line wir, 
ms, mt, &c., (fig. 9). 

It is obvious that if the movement be outward, the impulsive 
force taking effect upon the wire will decrease ; and that if it be 
inward, the force will increase. Hence, agreeably to the funda- 
mental principle before alluded to, (p. 67,) in the first case there 
should be an induced current having the same direction as the 
currents of the upper face of the magnet ; and in the second 
case a current pursuing the opposite direction. Again, the 
amount of change of force which results from the displacement 
of the wire, and therefore the quantity of electricity which 
this charge sets in motion, should depend solely upon the 
number of curves traversed. We may add that m whatever 
part of the magnetic field, and in whatever direction the wire be 

' The individual molecular currents lying in a transverse section of the magnet, 
ve here supposed to be replaced by two linear currents transverae to the magnet, 
one k the upper and the other m the lower surface. 
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supposed to move, the theoretical result is in perfect accordance 
with the facts as experimentally established by Faraday. 

In the foregoing we have supposed the wire, transverse to the 
magnet, to be moved parallel to itself to various points of the 
magnetic field ; but Faraday has shown that a current may also 
be induced in the wire, by bending it into a curve and causing 
it to revolve around the magnet, after one end has been brought 
into contact with the equatorial part of the magnet, and tiie 
other with a wire or rod leading out 
from the pole, as shown in fig. 11. 
'*A copper ring was fixed rouna and 
in contact with the equatorial part, 
and the wire, e, made to bear by 
spring pressure against this ring, and 

also against a ring on the axis." The direction of the current 
changed with the direction of revolution. Corresponding cur« 
rents were also obtained by rotating the magnet in the opposite 
directions, the wire remaining fixed. To explain these currents 
upon the principles now developed, we must first observe that 
the impulsive force of the magnet will impart a transverse polar* 
ization to the molecules of the wire. Now let a motion of rev- 
olution be imparted to the wire, in a direction opposite to that 
of the circulation of the magnetic currents, and the relative ve- 
locity with which the ethereal impulses will fall upon the mole- 
cules will be the sum of the velocity due to the impulse, and 
that of the molecules themselves in the opposite direction. The 
molecules at the end, e, of the wire, will therefore take on a 
higher polarization than is induced in the copper ring by the 
magnet simply. This polarization should be attended with a 
disturbance of the electric condition of the molecules in the 
direction of the length of the wire. There should, then, be an 
inequality in this disturbance at the point of contact, e. This 
inequality should originate a current that would pass around 
the circuit. Let v denote the velocity answering to tne magnetic 
impulse, and v' the velocity of revolution of the molecule at c. 
Then the effect due to the polarizing force at the end, e, of the 
wire, maybe represented by m (v+v')^, and that induced in the 
contiguous particles of the copper ring by mv^. The difference 
is mv'(^v+v'\ which represents the electro-motive force of the 
current. If the wire were made to revolve around an unmag- 
netized bar, the originating force of the current would be mt/*. 
The electro-motive force just mentioned would exceed this nearly 
in the ratio of 2v to v', . A very high velocity of revolution of 
the wire would therefore be required to develop a sensible cur- 
rent, if the bar were unmagnetized. The above expression for 
the electro-motive force, viz, mv'(^v+v% which is nearly equal 
to 2mw'j shows that this force is proportional to the velocity, v', 
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revolution of the wire. The eijtire force developed in ten 
volutions of the wire should then remain the same, if the ve-. 
eity of revolution should be changed, (as determined by Fara- 
ly). If the magnet rotates in the opposite direction its im- 
dses against the ether will be correspondingly increased, andi 
e result will be the same. 

Faraday, in certain papers originally published iu the Philo- 
phical Magazine, and the Philosophical Transactions, has in* 
ilged in ingenious speculations upon the probable physical 
laracter of the lines of magnetic force, and distinctly intimates 
lat he inclines to the opinion that they have in reality a physi- 
l1 existence, correspondent to their analogues the electric lines," 
istead of being simply '^represent^nts of magnetic power," or 
Qes of resultant magnetic action. In speculating upon the 
aestion in what this physical existence may consist, he remarks 
lat ** it may be a vibration of the hypothetical aether," (along 
16 lines), or a state or tension of that aether equivalent to either 
dynamic or a static condition, or it may be some other state." 
^he results arrived at, in the present paper, are opposed to these 
peoulative ideas of the great English physicist, for our conclu- 
lons are that the lines upon which the phenomena of induction 
7 a magnet depend are merely lines of equal magnetic action ; 
at the action is that of a force whose existence has not hereto- 
)re been recognized, viz, the so-called impulsive fprce of the 
lagnet. 

(To be concluded.) 
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RT. IX. — On the Spectra of some of the Fixed Stars ; by WiLLIAM 
HuGGiNS, F.R.A.S.,. and Prof. W. A. Miller, V.r.RS., and 
On the Spectra of some of the Nebulae ; by WlLHAM HUG- 
GiNS, F.R.A.Sw 

Mr. HuGGiNS and Prof. Miller presented to the Eoyal Soci- 
y of London, on the 26th of May, 1864, an important paper on 
le spectra of some of the fixed stars, and Mr. Huggins presented 
le on the 8th of September on the spectra of some of the neb- 
.39. By a peculiar adaptation of the spectroscope to a telescope 
f 10 feet focal length and 8 inches aperture, they were able to 
lake a direct comparison of the spectra of the moon, planets, 
xed stars, and nebulae, with the spectra of the several cnemical 
lements. The following are some of the more important points 
>f the two papers. 

The result of the analysis of the light of the moon is wholly 
legative as to the existence of any considerable lunar atmos* 
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sphere. The spectra of the planets Jupiter, Saturn, Mars, and 
Venus, agree essentially with the solar spectrum. DiflFerences 
however exist which cannot be due to the earth's atmosphere. 
The evidence aflforded by the prism of the existence of atmos- 
pheres around these planets is imperfect. This may be explained 
by supposing the light to be reflected from masses of clouds in 
the upper strata of thin atmospheres, and not from the surface 
of the planets. 

Observations on the Fixed Stars, — The number of fixed stars 
which we have, to a greater or less extent, examined amounts 
to nearly 50. We have, however, concentrated our efforts upon 
three or four of the brighter stars, and two only of these have 
been mapped with any degree of completeness. These spectra 
are, indeed, as rich in lines as that of the sun, and even with 
these it may be advantageous to compare the spectra of addi- 
tional metals when the season is again favorable. 

a Tauri (Aldebaran). — The light of this star is of a pale red. 
When viewed in the spectroscope, numerous strong lines are at 
once evident, particularly in the orange, the green, and the blue 
portions. The positions of about seventy of these lines have 
been measured. 

We have compared the spectra of sixteen of the terrestrial 
elements by simultaneous observation with the spectrum of Al- 
debaran, of course selecting those in which we had reason, from 
the observations, to believe coincidence was most likely to occur. 
Nine of these spectra exhibited lines coincident with certain lines 
in the spectrum of the star. They are as follows : — sodium, mag- 
nesium, hydrogen, calcium, iron, bismuth, tellurium, antimony, and 
mercury. 

Seven other elements were compared with this star, viz. nitro- 
gen, cobalt, tin, lead, cadmium, lithium, and barium. No coinci- 
dence was observed. With nitrogen three strong double lines 
were compared, with cobalt one strong single line and a double 
line, with tin five lines, with lead two strong lines, with cadmium 
three lines, with barium two of the strongest in the green, and 
with lithium the line in the orange, but were found to be with- 
out any strong lines in the star-spectrum corresponding with 
them. 

a Orionis. — The light of this star has a decided orange tinga 
None of the stars which we have examined exhibits a more 
complex or remarkable spectrum than this. 

Tne spectra obtained from sixteen elementary bodies were ob- 
served simultaneously with it. In five of these, viz. sodium, 
magnesium, calcium, iron, and bismuth, lines corresponding with 
certain stellar lines were found to exist. 

The bright green line so characteristic of thallium appears to 
coincide with one of the lines seen m XJne sX^x-^^^cXwrai-.^ Wx.*^ 
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line may be due to calcium, since the small difference between 
the position of the thallium line and that of one of the calcium 
lines very close to it, would not be distinguishable with the dis» 
persive power of the apparatus employed. 

In the spectra of the other elements which we compared with 
that of the star, no coincidences occur. There is no line coinci- 
dent with the red line C of hydrogen ; but in the star are two 
strong lines, one on either side of the position of C : there i9 
also no line coincident with F. It is strikingly confirmatory 
of this methed of analysis, that in all the stars hitherto ex- 
amined by us in which a line corresponding to C exists, that 
corresponding to F is also found. When F is absent, C is also 
wanting. In nitrogen three strong double lines were compared. 
In tin five lines, and in kad two bright lines were compared, 
but no coincidence was found. 

The strongest of the gold lines approximates closely in posi- 
tion to one in the spectrum of the star, but it is probably not 
coincident. Three of the strong lines of cadmium, two o{ stiver, 
four of mercury, two of barium, and one (the orange line) of lith* 
turn, were observed to be not coincident with any of the lines 
visible in the star. In these comparisons, when barium wag 
used, it was employed in the form of a nearly solid amalgam. 

? PegasL — The color of this star is a fine yellow. In the gen- 
eral arrangement of the groups, in the gradation of the strength 
of the lines composing the groups, and in the absence of the hy- 
drogen linen, this spectrum, though much fainter, is closely anal- 
ogous with the spectrum of « Orionis. Nine of the elements 
were compared with it. Two of these, viz. sodium, and magne- 
sium, and perhaps a third, viz. barium, furnish spectra in which 
there are lines which coinicide with lines in the spectrum of 
the star. 

The spectra of iron and manganese were also compared with 
that of the star, but the state of the atmosphere prevented any 
certain conclusion. The lines in the spectra of nitrogen, tin, and 
mercury, were not coincident with any definite lines in the star- 
spectrum. Neither of the hydrogen lines corresponding to C and 
F was present. 

The absence in the spectrum of « Orionis, and also in the spec- 
trum of ^ Pegasi which so closely resembles it in character, of 
lines corresponding to those of hydrogen, is an observation of 
considerable interest. It is of the more importance since the 
lines and F are highly characteristic of the solar spectrum and 
and of the spectra of by far the larger number of the fixed stars 
to which our observations have been extended. These excep- 
tions are further interesting as they seem to prove that the lines 
C and F are due to the luminous bodies themselves. Of this some 
doubt might be entertained; and it might be suspected that they 
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are in some way due to our own atmosphere, if these lines wer6 
present in the spectra of all the stars without exception. This 
absence of the lines corresponding to hydrogen iB also the mor6 
entitled to consideration, since it is so rare to find them wanting 
amongst the considerable niamber of stellar spectra which We 
have observed. 

iSiWt^5.— Three if not four elementaTy bodies have been found 
to furnish spectra in which lines coincide with those of Siriua 
viz. sodium^ magnesium^ hydt^en, and probably iron. * 

The whole spectrum of Sirius is crossed by a very large num- 
ber of faint and fine lines, it is worthy of notice that in the 
case of Sirius, and a large number of the white stars, at the same 
time thiit the hydrogen lines are abnormally strong as compared 
with the solar spectrum, all the metallic Rues are remarkably 
faint. 

a Lyra (Vega).— This is a white star having a spectrum of the 
same class as Sirius, and as ftiU of fine lines as the solar spectrumj 

General Observations. — Probably in the constitution of the stars 
as reVeaied by spectrum analysis, we sliall find the origin of the ' 
differences in the color of stelkr light. Since spectrum analyms 
show* that certain of the laws of terrestrial physics ptevail in the 
sun and stars, thfere can be Kttle doubt that the immediate souroe 
of solar and stellar light must be solid or liquid matter main- 
tained in an intensely ineandesoent state, the result of aA exceed^ 
ingly high temperature. ¥ot it is from such a source alone that 
we can produce light even in a feeble degree cocfiparable witk 
that of the sun. 

The light from incandescent solid and liquid bodies afford* 
ati unbroken spectrum Con^taining rays of light of every refrangi- 
bility within the portion of the speetrum which is visible. As 
this condition of the light is connected with the state of solidity 
or liquidity, and not with the chemical nature of the body, it is 
highly probable that the light when first emitted from the photo- 
sphere, or light-giving surface of 'the sun and of the stars, would 
be in tAl cases identical. 

The source of the difference of color, therefore, is to be sought 
in the difference of the constituents of the investing atmosphere!. 
The atmosphere of each star must vary in nattire as the constitu- 
ents of the star vary ; and observation has shown that the start 
do differ from the sun and from each other in respect of the 
elements of which they consist. The light 6f eaOh star therefeifre 
wiH be diminished by the loss of those rays which correspond ia 
refrangibility to the bright lites which tne constituents of eaeh 
atmosphere would, in the incandescent state, be capable of enrtlr . 
♦ting. In proportion as these dark lines preponderate in particn- 
iar parts df the spectrum, so will the colors in which they oeeur 
be Hveaker, and consequentaly -thecoloia ^i mother i:efrangibiiitieB 
ml] predominsite. 
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Observations on the Pltinetary Nshiilce. — These wondrous objectjl 
"present in the telescope slightly oval disks. For this reason they 
were placed by Sir William Herschel in a class by themselves. 
They present =but little indication of resolvability. The color of 
their light, which in the case of several is blue tinted with green>, 
is remarkable, since this is a color extremely rare amongst sin- 
gle stars. These nebuilae, too, agfee in showing no indication 
of central condensation. By these appearances the planetary 
nebulae are specially marked as objects which probably present 
phenomena of an order altogether dififerent from those which 
characterize the stm and the fixed stars. On this account, as 
well as because of their brightness, I selected these nebulae as 
the most suitable for examination with the prism. 

The nnmbers and description of the nebulae, are taken from 
the last Catalogue of Sir John Hefschel. 

[37 BL TV. A planetary neibula in Draco, very bright ; pretty 
small ; suddenly brighter in the middle, very small nucleus.] 

On August 29, 1864, 1 directed the telescope armed with the 
spectrum apparatus to. this nebula. At first I suspected some 
derangement of 'the instrument had taken place ; for no spectrum 
was seen, but only a short line of light perpendicular to the direc- 
tion of dispersion. I then found that the light of this nebula, 
unlike any mother fex-terrestrial light which had yet been subject- 
ed by me to prismatic analysis, was not composed of light of dif- 
ferent ^efrangibilities, and therefore could not form a spectrum. 
A great *part of the light from this nebula is monochromatic, and 
after passing through the prisms remarins concentrated in a bright 
line occupying in the instrument the position of that part of the 
spectrum to which its light corresponds in refrangibility. A 
more careful examination with a narrower s^lit, however, showed 
that, a Httle more refrangible than the bright line, and separated 
from it by a dark interval, a narrower and much fainter line oc- 
curs. Beyond this, again, at about three times" the distance of 
the second line, a third, exceedingly faint line was seen. The 
positions of these lines in the spectrum were determined by a 
simultaneous comparison of them in the instrument with the 
spectrum of the induction spark taken between electrodes of 
magnesium. The strongest line coincides in position with the 
brightest of the air lines. This line is due to nitrogen, and 
occurs in the spectrum about midway between b and F of the 
solar spectrum. 

The faintest of the lines of the mebula agrees in position with 
the line of hydrogen corresponding to Fraunhofer's F. The 
other bright line was compared with the strong line of barium ; 
this line is a iittle more refrangible than that belonging to the 
nebula. 
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Besides these lines, an exceedingly faint spectrum was just 
perceived for a short distance on both sides of the group of 
Dright lines. I suspect this is not uniform, but is crossed with 
dark spaces. Subsequent observations on other nebulas induce 
me to regard this faint spectrum as due to the solid or liquid 
matter of the nucleus, and as quite distinct from the bright lines 
into which nearly the whole of the light from the nebulae is con- 
centrated. The color of this nebula is greenish blue. 

[6 S, A planetary nebula in Taurus Poniatowskii, very bright; 
very small ; round ; little hazy.] The spectrum is essentially 
the same as that of 37 H. IV. The three bright lines occupy 
the same positions in the spectrum, which was determiued by 
direct comparison with the spectrum of the induction spark 
These lines have also the same relative intensity. They are 
exceedingly sharp and well defined. The presence of an ex- 
tremely fitint spectrum was suspected. In connexion with this 
it is important to remark that this nebula does not possess a 
distinct nucleus. The color of this nebula is greenish blue. 

[73 H. IV. A planetary nebula in Cygnus with a central star. 
Bright ; pretty large ; round ; star of the 11th magnitude in 
the middle.] The same three bright lines were seen. Their 
positions in the spectrum were verified by direct comparison 
with the induction spark. In addition to these a spectrum 
could be traced from about D to about Gr of the solar spectrum. 
This spectrum is much stronger than the corresponding spec* 
trum of 37 H. IV. This agrees with the greater brightness of 
the central star, or nucleus. The opinion that the faint contin- 
uous spectrum is formed alone by the light from the bright cen« 
tral point was confirmed by the following observation. When 
the cylindrical lens was removed, the three bright lines remained 
of considerable length, corresponding to the diameter of the tele- 
scopic image of the nebula ; but the faint spectrum became as 
narrow as a line, showing that this spectrum is formed by light 
which comes from an object of which the image in the telescope 
is a point. Lord Eosse remarks of this nebula, " A very re- 
markable object, perhaps analogous to H. 450." The color of 
this nebula is greenish blue. 

[51 H. IV. A planetary nebula in Sagittarius. Bright ; very 
small ; round.] This nebula is less bright than those which 
have been described. The two brighter of the lines were well 
defined, and were directly compared with the induction spark. 
The third line was seen only by glimpses. I had a suspicion of 
an exceedingly faint spectrum. The color of this nebula is 

freenish blue. Lord Eosse remarks, " Center rather dark. The 
ark part is a little north preceding the middle. 
[1 H. IV. An exceedingly interesting object in Aquarius. 
Planetary; very bright; small; elliptic] The three bright 
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very sharp and distinct. They were compared for posi- 
with the induction spark. Though this object is bright, 
dication only of the faint spectrum was suspected. This 
la contains probably a very small quantity of matter con- 
ed into the liquid or solid state. The color of the light of 
uebula is greenish blue. Lord Eosse has not detected any 
al star, nor any perforation, as seen in some of the other 
3tary nebulae. He represents it with ansae, which probably 
sate a nebulous ring seen edgeways. 

7 M. An annular nebula in Lyra; bright; pretty large; 
iderably elongated.] — The apparent brightness of this neb- 
as seen in the telescope, is probably due to its large extent, 
he faintness of its spectrum indicates that it has a smaller 
nsic brightness than the nebulae already examined. The 
itest of the three lines was well seen. I suspected also the 
3nce of the next in brightness. No indication whatever of 
int spectrum. The bright line looks remarkable, since it 
ists of two bright dots corresponding to sections of the ring, 
between these there was not darkness, but an excessively 
. line joining them. This observation makes it probable 
the faint nebulous matter occupying the central portion is 
lar in constitution to that of the ring. The bright line was 
Dared with the induction-spark. 

8 H. lY. Planetary ; very bright ; pretty small, round, 
.] — With a power of 600 this nebula appears distinctly an- 
r. The color of its light is greenish blue. The spectrum 
led by the light from this nebula corresponds with that of 87 
V. In the spectrum of this nebula, however, in addition 
le three bright lines, a fourth bright line, excessively faint, 
seen. This line is about as much more refrangible than the 
agreeing in position with F as this line is more refrangible 
L the brightest of the lines, which coincides with a line of 
)gen. 

17 M. Very bright ; very large ; irregularly extended, 
lb-bell. In Vulpecula.] — ^The light of this nebula, after 
ing through the prisms, remained concentrated in a bright 
corresponding to the brightest of the three lines. This line 
3ared nebulous at the edges. No trace of the other lines was 
jeived, nor was a faint continuous spectrum detected. The 
;ht line was ascertained, by a simultaneous comparison with 
spectrum of the induction spark, to agree in position with 
brightest of the lines of nitrogen. Minute points of light 
e been observed in this nebula by Lord Bosse, Otto Struve, 
others ; the spectra of these bright points, especially if con- 
LOUS like those of stars, are douDtless invisible from exces- 
1 faintness. By suitable movements given to the telescope, 
jrent portions of the image of the nebula formed in the tele- 
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scope were caused successively to fall upon the openiBg of the- 
slit, which was about j\ inch by g^y inch. This method of 
observation showed that the light from different parts of the 
nebula is identical irv refraQgibUity, and varies alone m degree 
©f intensity. 

In addition to these objects the following were also observed: 

[92 M. Very bright globular clusters of stars in Hercules.}. 
The bright central portion was brought upon the slit. A faint 
spectrum similar to that of a star. The light could be ti:aced 
from between C and I> to about G. Too faint for the observa- 
tion of lines of absorption. 

[50 H. lY. Yeny bright ; large ; round. In Hercules.] The 
spectrum simalar to that of a iaint star. No indication of bright 
lines. 

[SI M.} The brightest part of the great i]^bula in Androm- 
eda was brought upon the slit. The spectrum coujd be traced 
from about D to F. The light appeared to cease verjr abruptly 
in the orange ;. this may be due to the smaller luminosity of thia 
part of the spectrum. No indication of the bright lines. 

[32 M. Very bright ; large ; round ; pretty suddenly much 
brighter in the middle.} This small but very bright compan- 
ion of the great nebula in Andromeda presents a spectrum 
apparently exactly similar to that of 31 M. The spectrum ap- 
pears to end abruptly in the orange ; and throughout its length 
IS not uniform, but is evidently crossed either by lines of ab- 
sorption or by bright lines. 

[55 Androm. Fine nebulous star with strong atmosphere.] 
The spectrum apparently similar to that of an ordinary star. 

[26 IV. Very bright cluster in Eridanus.} The spectrum 
could be traced from the orange to about the blue. No indica- 
tion of the bright lines. Several other nebulae were observed, 
but of these the light was found to be too faint to admit of sat- 
isfactory examination with the spectrum apparatus. 

It is obvious that the nebula 37 H. IV, 6 2., 73 H. IV, 51 E 
rV, 1 H. IV, 57 M, 18 H. IV, and 27 M, can no longer be regarded 
as aggregations of suns after the order to which our own sun and 
the fixed stars belong. We have in these objects to do no longer 
with a special modification only of our own type of suns, out 
find ourselves in the presence of objects possessing a distinct 
and peculiar plan of structure. 

In place of an incandescent solid or liquid body transmitting 
light of all refrangibilities through an atmosphere which inte^ 
cepts by absorption a certain number of them, such as our san 
appears to be, we must probably regard these objects, or at least 
their photo-surfaces, as enormous masses of luminous gas pr va- 
por. For it is alone from matter in the gaseous state that light 
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consisting of certain definite refrangibilities only, as is the case 
with the h'ght of these nebulae, is known to be emitted. 

Such gaseous masses would be doubtless, from many causes, 
unequally dense in different portions ; and if matter condensed 
into the liquid or solid state were also present, it would, from 
its superior splendor, be visible as a bright point or points within 
the disk of the nebula. These suggestions are in close accord* 
ance with the observations of Lord Eosse. 

Another consideration which opposes the notion that these 
nebulae are clusters of stars is found in the extreme simplicity 
of constitution which the three bright lines suggest, whether or 
not we regard these lines as indicating the presence of nitrogen, 
hydrogen and a substance unknown. 

It is perhaps of importance to state that, except nitrogen, no 
one of thirty of the chemical elements the spectra of which I 
have measured has a strong line very near the bright line of the 
nebulae. If, however, this line were due to nitrogen, we ought 
to see other lines as well ; for there are specially two strong 
double lines in the spectrum of nitrogen, one at least of which, 
if they existed in the light of the nebulae, would be easily visi- 
ble. In my experiments on the spectrum of nitrogen, I found 
that the character of the brightest of the lines of nitrogen, that 
with which the line in the nebulae coincides, differs from that of 
the two double lines next in brilliancy. This line is more neb- 
ulous at the edges, even when the slit is narrow and the outer 
lines are thin and sharp. The same phenomenon was observed 
with some of the other elements. We do not yet know the 
origin of this difference of character observable among lines of 
the same element. May it not indicate a physical difference in 
the atoms, in connexion with the vibrations of which the lines 
are probably produced ? The speculation presents itself, whether 
the occurrence of this one line only in the nebulae may not in- 
dicate a form of matter more elementary than nitrogen, and 
which our analysis has not yet enabled us to detect. 



Abt. X. — Beactions of Qelaiine; by M. Carey Lea, Philadelphia, 

I HAVE been occupied at times for some years past with the 
study of this very interesting substance, and propose here to 
describe a new reaction which I have observed, and which con- 
stitutes, I believe, the first colored reaction described as pro- 
duced between pure gelatine and a perfectly colorless reagent. 
It is true that the precipitate produced in gelatine solutions by 
gallotannic acid is much deeper in color than the precipitant. 
But the straw-yellow color of gallotannic acid naturally leads to 
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the expectation of colored combinatioDS, whereas in the case I 
am about to mention, the precipitant is colorless, and the pro- 
duction of a marked color seems to point to a more complete 
action than that of simple combination. 

When a piece of gelatine is dropped into an acid solution of 
pernitrate of mercury, it gradually assumes a strong red colora- 
tion, and after a time, dissolves in it completely at ordinary tem- 
peratures, to a fine red solution. This solution deepens a Utile 
if boiled for some minutes. By chlorate of potash, the hot solu- 
tion is quickly decolorized, and passes to pale dirty yellow. 

This red coloration seems to require a certain amount of time 
for its production, which cannot be replaced by heat. If a piece 
of gelatine be immersed in the solution of protonitrate and boiled 
for some minutes it is dissolved but the solution thus obtained 
is not red, but yellowish. 

It is to be regretted that the reaction here described is nxA 
Aiore delicate, it is only striking when tolerably strong solu- 
tions of gelatine are employed. When the solution is very 
weak, as for example, if the gelatine constitutes only one hiJf (^ 
one per cent of the mixed liquids, the limit of the delicacy of 
the test is reached. Such a solution, by standing twentv-four 
hours, exhibits a light but distinct pink color. Although diis 
delicacy is not what may be desired, still, colloid organic sab- 
stances are so comparatively difficult of qualitative detection 
as a general thing, that the method is not without value. 

The experiment was next extended to metagelatine. A neti- 
tral metagelatine was prepared in the following manner. 

Gelatine was set to swell in cold saturated solution of oxalic 
acid, and then a moderate heat was applied for a sufficiently long 
time for the mass to remain quite fluid when cold. It was thooL 
agitated with precipitated carbonate of lime until the whole of 
the oxalic acid was got rid of. Metagelatine prepared in this 
way was kept for months in a corked vial in a warm room with- 
out showing any disposition to putrefy. It was almost as fluid 
as water : perfectly neutral and almost insipid to the taste. 

With this metagelatine, the red coloration was produced even ' 
more decidedly than with ordinary gelatine. The addition of 
the acid solution of per-nitrate of mercury produced at first a 
whitish flocculent precipitate, which, by standing, acquired a 
strong red color, as did the supernatant liquid. ] 

Philadelphia, May 12, 1865. 1 
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Art. XI. — Influence of Gravity on Magnetic Declination;^ by 
Pliny Earle Chase, M.A., S.P.A.S. 

In my jBrst communication on the diurnal variation of the 
barometer, [Proceedings A. P. S., ix, 284], I expressed the belief 
that a careful investigation would " show a mutual connection 
through which all the secondary [disturbing] causes may be 
referred to a single force." In my various subsequent papers, 
and especially in the one to which the Magellanic Premium was 
awarded, [op. citat. and Trans. A. P. S., vol. xiii, K S., Art. VI], 
I pointed out various reasons for supposing that the primal uni- 
tary force is the same that controls the motions of the several 
stellar systems ; in other words, the force of gravitation, or per* 
haps of simple undulation, which is manifested as heat in one 
of its subordinate forms, and as attraction in another. The 
numerical relations which I demonstrated between the disturb- 
ances of weight and of total magnetic force were certainly note- 
worthy, and to my own mind, extremely satisfactory, and bm 
further investigations have afiforded additional confirmation of 
my views, I desire to put upon record a brief notice of the gen- 
eral harmony which mutually characterizes the gravitation cur- 
rents and the variations of magnetic declination. 

Preliminary investigations showed, as might have been 
reasonably anticipated, that the best quantitative results can be 
obtained from the observations at stations near the equator, and 
I therefore based my reasoning in great measure upon the St. 
Helena records and Maj. Gen. Sabine's discussions, confirming it 
by such incidental references to other observations, as seemed 
available for the purpose. At the same time allusion was made 
[Trans. A. P. S., loc. citat, p. 132,] to researches now in progress, 
which may probably enable us to discover numerical relations, 
that will be equally satisfactory, from an examination of the 
observations in higher latitudes. While patiently and confi- 
dently awaiting the completion of those researches it may be 
well to present some considerations which will serve both as a 
corroboration of my own views and as a guide to the investiga- 
tions of others. 

The discussions of the magnetic and meteorological observa- 
tions at Girard College, [Coast Survey Eeports, ana Smithsonian 
Contributions], should be specially interesting to all Americans, 
and they are also among the most recent and valuable publica- 
tions on terrestrial physics. From them I quote the following 
references to the most important and best established normal 
disturbances of declination. 

' From the Proceedings of the Amei;. PJiilosoph. Soc, April 21, 1866. 
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I. " The annual variation depends on the earth's position in 
its orbit, the diurnal variation being subject to an inequality 
depending on the sun's declination. The diurnal range is 
greater when the sun has north declination, and smaller when 
south declination ; the phenomenon passing from one state to 
the other about the time of the equinoxes/' [Part II, p. 10. See 
also Toronto Obs., 2, xvii ; St. Helena Obs., 2, cxviii]. 

n. "At the hour of 6 or 7 in the morning, the annual varia- 
tion is a maximum, disappearing at a quarter before 10 A. M^ 
and reaching a second (secondary) maximum value at 1p.m. 
It almost disappears soon after 5 P. M., and a third still smaller 
maximum is reached after 9 P. M. Half an hour before mid- 
night, the annual variation again disappears. At (and before 
and after) the principal maximum, between 6 and 7 in the morn- 
ing, the annual variation causes the north end of the magnet to 
be deflected to the east in summer and to the west in winter; at 
1 P. M. the deflections are to the west in summer and to the east 
in winter. The range of the diurnal motion is thus increased in 
summer and diminished in winter; the magnet being deflected 
in summer more to the east in the morning hours, and more to 
the west in the afternoon hours, or having greater elongations 
than it would have if the sun moved in the equator. In winter, 
the converse is the case." [Ibid., p. 12. Compare St. Helena 
Obs., 2, cxviii ; Toronto Obs., I, xiv, and 2, xvi.] 

III. "According to the same authority," [Gen. Sabine], "the 
annual variation is the same in both hemispheres, the north end 
of the magnet being deflected to the east in the forenoon, the sun 
having north declination; when in the diurnal variation, the 
north end of the magnet at that time of the day is deflected to 
the east in the northern hemisphere and to the west in the 
southern hemisphere; in other words^ in regard to the direction 
the law of the annual variation is the same, and that of the 
diurnal variation the opposite in passing from the northern to 
the southern magnetic hemisphere." [Ibid., p. 13. Comp. St. 
Hel. Obs., 2, Ixxx, cxviii.] 

lY. "The regular progression of the monthly values is a 
feature of the annual variation deserving particular notice. 
There is no sudden transition from the positive to the negative 
side, or vice versd^ at or near the time of the equinoxes (certainly 
not at the vernal equinox) ; on the contrary, the annual varia- 
tion seems to be regular in its progressive changes. The method 
here pursued is entirely different from that employed by General 
Sabine for the same end, but the results are, nevertheless, in 
close accordance.'' It has been found that the transition takes 
place "fen days after either equinox, and also that the turning 
points occur ten days afl;er the solstices." [Ibid.^ p. 14 Comp. 
St Hel Obs.j % cxx.] 
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V. ''The general character of the diurnal motion ... is 
aearly the same throughout the year ; the most eastern deflec- 
tion is reached a quarter before 8 o'clock in the morning (about 
a quarter of an hour earlier in summer, and half an hour later 
in winter), . . . the north end of the magnet then begins to 
move westward, and reaches its western elongation about a 
quarter after one o'clock in the afternoon (a few minutes earlier 
in summer). . . . The diurnal curve presents but a single 
wave, slightly interrupted by a deviation occurring during the 
hours near midnight, (from about 10 P. M. to 1 A. M.), when the 
magnet has a direct or westerly motion; shortly after 1 A.M. 
the magnet again assumes a retrograde motion and completes the 
cycle by arriving at its eastern elongation shortly before 8 o'clock 
in the morning. This nocturnal deflection is well marked in 
winter, vanishes in the summer months, and is hardly percept- 
ible in the annual curve. According to the investigations of 
General Sabine, it is probable that if we had the means of en- 
tirely obliterating the effect of disturbances, tnis small oscillation 
would almost disappear. In summer, when it has no existence, 
the magnet remains nearly stationary between the hours of 8 
p. M. and 3 A. M., a feature which is also shown by the annual 
type-curve." [Ibid;, p. 20. Comp. Hobarton Obs., 2, vi; St. Hel. 
Obs., 2, cxi, cxix, cxx; Toronto Obs., I, xiv, 2, xvi.] 

VI. " The critical hours which vary least during the year are 
those of the western elongation and those of the morning mean 
declination. The extreme difference between the value for any 
month and the mean annual value, is 31 minutes in the former 
and 28 minutes in the latter." [Ibid., p. 21.] 

VII. The curves of lunar-diurnal variation "show two east 
and two west deflections in a lunar day," the westerly maxima 
** occurring about the upper and lower culminations," and the 
easterly maxima "at the intermediate six hours. The total 
range hardly reaches 0''5. These results agree generally with 
those obtained for Toronto and Prague." [Part. Ill, p. 8. Comp. 
St Hel. Obs., 2, xxiii, Ixxxii, cxliv ; Toronto Obs., 3, Ixxxv.] 

VIII. " In comparing the easterly and westerly curves, the 
constant in BesseFs formula comes out zero, and hence it is in- 
ferred that the moon has no specific action in deflecting the 
magnet by a constant quantity." [Ibid., p. 10.] 

IX. " If we take the four phases into account, the lunar action 
seems to be retarded 10 minutes, which quantity may be termed 
the lunar-magnetic interval for the Philadelphia Station. At 
Toronto the intervals are not so regular." [Ibid., p. 11.] 

X. •" The characteristic feature of the annual inequality in the 
lunar-diurnai variation is a much smaller amplitude in winter 
than in summer. Kieil, indeed, inferred from the ten year series 
of the Prague observations, that in winter the lunar-diurnal va- 
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riatioQ either disappears, or is entirely concealed by irregular 
fluctuations, requiring a long series for their diminution. The 
method of reduction which he employed was, however, less per- 
fect than that now usedL The second characteristic of the ine- 
quality consists in the earlier occurrence of the maxima and 
minima in winter than in summer. The winter curve precedes 
the summer curve by about one and three-quarter hours. [Ibid., 
p. 12-13.] 

XI. The curves of semi-annual variation at all points where 
continuous observations have been made, present a striking sim- 
ilarity, the amount of deflection being nearly equal in all parts 
of the globe. [See diagram, Part II, p. 12. Comp. St. Hel. Obs^ 
2, cxix ; Toronto Obs., 2, xvi, xvii.] 

Now it is evident that the mechanically-polarizing currents 
(Proc. A. P. S., ix, 367 sqq.) must be variously deflected at dif- 
ferent periods of the day, in consequence of gravitation-disturb- 
ances arising both from the varying distance of the sun and 
from solar heat. Although it may sometimes be desirable to 
consider the so-called thermal currents apart from those which 
would be produced independently of any change of tempera- 
ture, such a distinction is unnecessary in a preliminary qualita- 
tive investigation like the present, because the periods both of 
maxima and of minima are precisely coincident in the two cur- 
rents (except as they may be slightly modified by the earth's 
radiant heat), and because even the thermal currents are occasioned 
simply and solely by the varying gravitation of fluids of varying 
density. 

Eegarding, therefore, the air and 8sther over any given mag- 
netic meridian, during the day hours the intertropical and dur- 
ing the night the extra-tropical portions will be most drawn 
toward the sun, and the following deflections will be thus pro- 
duced in the portions nearest the equator : 



6 to 12 A.1C. 


12 to 6 P.M. 


6 to 12 P.M. 


12 to 6 a.m. 


Northern zones, S.E. 


S.W. 


S.E. 


S.W. 


Southern " N.E. 


N.W. 


N.E. 


N.W. 



The night-disturbances, whether from variations of temperature 
or from simple fall toward the sun (the distance fallen varying 
as the square of the time from midnight), will be very slight. 
The earth's rotation, centrifugal force, and the atmospheric iner- 
tia, tend to throw each of the phases forward and to increase 
the magnitude of the westerly, while they diminish the easterly 
deflections. If these modifications were sufficient to override the 
slight easterly tendency at 6 to 12 P. M., and to advance the 
phases one hour, the disturbances would assume the following 
forms, the change between 7 P. M. and 1 A. M. being scarcely, u 
st all, perceptible : 
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Northern zones, 
Southern " 



7 A. IC. to 1 F. K. 

S.E. 
N.E. 



1 P< M. to 7 A. M. 

S.W. 



At the equinoxes, the amounts of deflection in the northern and 
southern magnetic hemispheres should be equal ; at other sea- 
sons the shortest lines would suffer the greatest displacement, 
the deflections being greatest in the northern zones from April 
to September, when the sun is in the northern signs, and in the 
southern zones from October to March, when the sun is in the 
southern signs. My experiments have shown that the compass- 
needle sympathizes with, and is to some extent controlled by, 
purely mechanical vibrations, and if in obedience to such con- 
trol it should tend to parallelism with the sethereal currents, a 
westerly disturbance of declination (the declination being always 
conventionally referred to the north pole of the needle) would 
correspond either to an equatorial southeasterly deflection of the 
southern or a northwesterly deflection of the northern extremity 
of a half-meridian, and an easterly disturbance to a southwest- 
erly deflection of the southern or a northeasterly deflection of 
the northern extremity. 

Substituting these declination values for the current-deviations 
to which they correspond, the almost precise accordance of theory 
and observation in the prominent features of the normal varia- 
tions of declination, may be seen by a reference to the following 
table: 



Daily maximum,^ ) Easterly. Westerly. 

Half-yearly « April to Sept.H Easterly. Westerly. 
*• " •* Oct to Mar.» ) Westerly. Easterly. 



Theoretical, - - - 
Observed [I to V],' 



7 A.M. 

6-8 



« 



1 P.M. 
1 " 



Morning. 
Mean. 



10 JLil. 

9f " 



Evening. 
Mean. 



4 p.m. 
6 « 



Stationary. 



7 P.M. to 1 AJf . 

8 " « 3 «* 



Gen. Sabine, in speaking of the opposition of the annual and 
semi-annual curves (St. Hel. Obs., 2, cxix), says, '* these remark- 
able systematic dissimilarities may be regarded as suflScient in- 
dications of a difference in the mode of operation of the solar in- 
fluence in the two cases." I am not aware that any attempt has 
hitherto been made to explain this apparent difference, or to 
show that it is only apparent, and may result from the action of 
a uniform law. I believe that I have now given the needed ex- 
planation, and since I have shown experimentally that the phe- 
nomena are such as should be produced by gravitation, it is rea- 
sonable to assume that thev probably are so produced. The 
probability is increased by the disappearance of the night oscil- 
lalioa in summer (V), the probability that when it is observed 
it lesolts from thermal disturbances, and the greater stability of 

' In the northern zones. ' Over the whole earth. 

* The bracketed references are to the numbered quotations from the Girard Col- 
lege discussions. 
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those critical hours which are nearest to the hours of maximum 
sun-ward gravitation (VI). The precise coincidence both in 
time and direction of the lunar-diurnal declination and tidal 
curves (VII), the unavoidable inference that the moon has no 
constant or specific magnetic action (VIII), the ** establishment" 
of ten minutes at the Philadelphia station (IX), the correspond- 
ence of the lunar and solar curves in the diminished winter am- 
plitude (X), and the uniformity at all stations of the semi-annual 
variation-curves (XI), are all necessary corollaries of my hy- 
potheses. 

The demonstration of a connection between the daily and 
annual variations of magnetism and gravitation would be in^ 
complete, if our theory could not be so extended as to explain 
the decennial and secular changes. For such an extension we 
are compelled to wait until further study and observation have 
more precisely defined the character and value of those changes, 
and suggested all the important gravitation-disturbances of long 
period to which they may be plausibly referred. We may find, 
however, in the attraction of Jupiter, one of the possible causes 
of the 10-11 year period, while nutation, precession, geological 
upheaval and depression, change of seasons, accumulation or 
diminution of polar ice, and the shifting position of the center 
of gravity of our planetary system, must all necessarily con- 
tribute to the production of gradual changes in the terrestrial 
gravitation currents. The belief does not therefore seem unrea- 
sonable, that the feeble vibrations of the tremulous needle may 
not only furnish us with a delicate scale for weighing (as we 
have already approximately done) the huge mass of the sun, 
but they may also aid us in the discovery and verification of 
other important cosmical phenomena, and the assignment of 
their appropriate laws. 

Although it is probable that terrestrial magnetism is mainly 
owing to currents circulating above the surface, it is well known 
that there are also earth-currents which exert an appreciable 
modifying influence. I am confident that they will be found 
equally obedient to the laws of gravitation, which affect every 
particle of the earth's body, modifying the crystalline-polarity 
and cohesion of solids as well as the flow of liquids, and pro- 
ducing internal tides, which may contribute largely to that met- 
amorpjiism of stratified rocks which has been referred by geolo- 
gists to the agency of heated fluids and vapors. (See Kogers, 
Pa. Eeport, ii, 700; Lyell, this Journal, [2], xxxix, 22.) 

The inclination presents some anomalies that are difficult to 
explain, and whether we compare the solar-diurnal or the annual 
curves at the principal northern and southern stations, the "in- 
dications of a difference in the mode of operation of the solar in- 
Buence in the two cases" seem as striking and perplexing as 
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they did to Hudson and Herschel in their examination of the 
influence of heat on the barometer (Proc. A. P. S., ix, 283), and 
to Sabine in his discussions of the semi-annual declination curves 
(St Hel. Obs., 2, cxix). But the disappearance, in the progress 
of our investigations, of these once seemingly insurmountable 
difficulties, — the wonderful coincidence in the general features 
of the gravitation and magnetic currents, — and the a priori 
probability that all disturbed forces, of whatever character or 
variety, will tend constantly to a mutual equilibrium, — encour- 
age the belief that this apparent paradox may be likewise sus- 
ceptible of a simple interpretation, which will drive it from its 
latest lurking place. 

I can think, at this moment, of no more probable causes of 
the want of symmetry here spoken of, than the different distri- 
bution of land and water in the two hemispheres, and the influ- 
ence of powerful alternating land and sea breezes. A long series 
of connected observations at a number of new stations may per- 
haps be required, before it can be satisfactorily ascertained 
whether the disturbances thus occasioned are sufficient to ac- 
couDt for all the phenomena, but meanwhile it is interesting to 
observe the degree of accordance that exists, at northern inland 
stations like Philadelphia and Toronto, between the curves of 
vertical force and force of wind on the one hand, and those of 
horizontal force and barometric pressure on the other, as well as 
the agreement that has been pointed out by Dr. Lloyd and Mr. 
Homer, between the annual curves of declination and of temper- 
atare. 



Art. XII. — Researches on the Volatile Hydrocarbons ; by C. M. 

Wabren.* 

Introductory Beinarks. — While engaged, a few years since, in 
attempting to separate some of the constituents of coal-tar naph- 
tha by the common process of fractional distillation, I was forced 
to the conviction that that process could not be safely relied 
upon for anything like a complete and accurate analysis of such 
a complex mixture of liquids; and that, at best, the products 
thus obtained could not be regarded as anything better than re- 
mote approximations to pure substances ; leaving reason to fear 
that there might still be other bodies present, in less quantities 
perhaps, which had escaped detection. 

An examination of the results of previous researches on tars, 
petroleums, etc., served in general to confirm the impressions 
induced by my own less extended experiments ; and to increase, 



I 



^ From the Memoirs of the American Academy, (N. S.) iz, 1 35. 
Jm. Jour. Sol^Seoonb SBBisa, Vol. XL, No. 118.— J\3LT,1S86. 
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rather than lessen, the doubts already existing in my mind as to 
the trustworthiness of the results which had hitherto been pub- 
lished concerniDg the neutral constituents of such mixtures. In- 
fluenced by these considerations, and by the belief that, if I could 
succeed in finding a process capable of effecting a more complete 
separation of the constituents of such mixtures, it might probably 
lead to the discovery of new bodies, lying between those which 
bad already been described, — I was led to undertake the re- 
searches, the results of which I am about to record. Even if this 
chief purpose should fail, I was convinced that the expenditure of 
labor in isolating those bodies in a state of greater purity, would 
be amply compensated by the much needed confirmation, or per- 
haps correction, of the results previously published, in addition 
to the valuable incidental evidence of the absence of other bodies 
which would thus be furnished. The results which I have ob- 
tained in the pursuit of this object are abundantly suflSicient to 
show that I did not undervalue the work of my predecessors, 
nor over-estimate the importance of the work before me. 

The success which attended my efforts in search of a better 
process of separation has already been described in detail, in a 
memoir "On Fractional Condensation," etc. (Memoirs of the 
American Academy, 186i, and the last volume of this Journal.) 

This new process was first applied, more especially for the 
purpose of testing its efficiency in the separation of benssole from 
coal-tar naphtha. This mixture was selected for the test on ac- 
count of the property which benzole possesses, in contradistinc- 
tion from its associates, of being crystallizable at a low tempera- 
ture, thus affording an additional test of the purity of the product 
which might be obtained by the process of fractioning. Some- 
.what to my surprise I found that, after only the fifth series of 
fractionings, I had obtained benzole so nearly pure that the whole 
of it would distil from a tubulated retort between 80° and 81° 
0. ; and that when congealed, which was effected by placing the 
containing bottle in pounded ice, not a drop of liquid could be 

I)Oured from the mass of crystals. From this result, — which, at 
east, indicated a near approximation to purity, — taken in con- 
nection with other favorable indications, 1 felt confident that I 
had accomplished my first object, and had found a process that 
could, in all probability, be successfully applied in the study of 
the petroleums, which up to that time (1861) had baffled every 
attempt to resolve them mto their proximate constituents. 

Being naturally anxious to apply the new process in this seem- 
ingly more promising field of inquiry, I at once suspended, for 
the time being, my operations on coal-tar naphtha, and com- 
menced simultaneously the investigation of Pennsylvanian petro- 
leum, and of the oils distilled from Albert coal (from Hillsboro, 
New Brunswick) in the process of manufacturing illuminating 
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oil. These two substances, neither of which had ever beea 
made the subject of special scientific investigation, were selected 
fis being fair representative types, on the one hand of the native 
liquid petroleums, and on the other of the artificial coal oils. 
The comparative study of these two substances seemed to promise 
additional interest on account of the close analogies which they 
present, especially when this circumstance is considered in con- 
nection with the fact of their great diversity of origin. This is 
the limit which at that time was assigned for these researches ; 
my intention being, so soon as the separations and analyses 
should be completed, and the boiling-points and some of the 
other more important physical characteristics determined, briefly 
to publish the results, together with the process of fractioning, — 
preliminary to a complete memoir at a more advanced stage of 
the work. Before this werk had been accomplished, however, 
it became evident that, the bodies contained in these mixtures 
could not be studied so satisfactorily by themselves as in compar- 
ison with other series of hydrocarbons, especially with reference 
to certain important questions of more general interest; for ex- 
ample, the question in regard to the increment of boiling-point 
corresponding to the addition of O3H2 in homologous series. 
It was therefore deemed advisable to extend the inquiry so as to 
include the naphthas from coal- and wood-tars, and the oil of cu- 
min. And there are still other mixtures of hydrocarbons, that 
have been made the subject of previous research which must yet 
be brought into the works, in order to clear up, in a satisfactory 
manner, the confusion and obscurity that seem to exist in our 
publications regarding some questions relating to the different 
series of this class of bodies. 

This digression from my original plan having caused much 
additional labor has necessarily delayed publication longer than 
was desirable, until now the results of more than three years of 
work have accumulated. In this connection I may remark, so 
far as regards petroleum, that I had nearly completed the frac- 
tional separations — except of the bodies of high boiling-point — 
60 long ago as June, 1862, having been for a long time occupied 
with this work before the appearance, in that month, of the first 
memoir of Pelouze and Cahours on the same subject. At that 
lime my work was considerably in advance of theirs, and their 
results differed widely from mine in some important particulars; 
yet after the publication of their memoir I felt reconciled to a 
continuance of the delay which had been caused by the change of 
plan above mentioned, considering it due to these chemists that 
they should have time to complete the publication of the results 
of their investigations before I should publish mine. Similar 
remarks might be made respecting the first publication of Schor- 
lemmer, which appeared soon after, on the products of distillatioja 
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of cannel coal ; this substance being so closely analogous to the 
Albert coal (upon the products of which I had at that time been 
long engaged) as to induce the belief that, under the same cir- 
cumstances, either would aflFord the same products. 

I. — On the Volatile Hydrooarbons from Coal-tar Naphtha, Oil 

OF Cumin, and Cuminic Acid. 

Part L — Hydrocarhons from Coal-tar Naphtha, 

In presenting the results of a re-examination of a series of sub- 
stances upon which so much labor had already been bestowed, 
and upon the nature and properties of which so little doubt has 
seemed to exist, it may confer an interest on the subject to state 
briefly some of the more important results an'd conclusions that 
previous investigators have arrived %at in the study of these 
substances. 

The discovery by Faraday,* in 1825, of benzole (" bicarburet- 
ted hydrogen") in the oil compressed from oil-gas, rendered it 
highly probable, and indeed led this distinguished philosopher 
to suspect, that this substance might be found in coal-tar naphtha. 
His search for it, however, proved unsuccessful, it having been 
first detected by Hofmann in 1845.' This chemist, however, 
did not attempt to isolate this body, and the bare fact of its pres- 
sence appears to be all that was definitely known of the compo- 
sition of coal-tar naphtha prior to 1849, in which year Mansfield* 
published his elaborate and valuable research, being the first 
effort at a proximate analysis of this mixture which appears to 
have been attended with any considerable measure of success. 
Although a fatal accident, while engaged in his experiments, 
prevented Mansfield from completing the investigation which he 
had so well begun, yet the work that he had already published 
in an unfinished state must always be regarded as having con- 
tributed much towards a clear and definite knowledge of the 
nature of the neutral pyrogenous oils contained in coal-tar 
naphtha. Indeed, it may be said that little has since been added 
to our knowledge on this subject. Notwithstanding the incom- 
pleteness of his separations of the hydrocarbons, the extent to 
which he had carried them with the limited means employed is 
truly remarkable, and could not have been accomplished with- 
out an expenditure of labor, and a degree of patient endurance, 
which only those who have experienced the tediousness of such 
operations can appreciate. 

Mansfield claimed to show that the light coal-tar naphtha is 
composed of a mixture of four distinct hydrocarbons, boiling 

• Philosophical Transactions of the Royal Society, 1826, cxv, 465. 
■ Annalen der Chemie und Pharmacie, 1845, Iv, 200. 

* Quarterly Journal of the Chendesl Society, \%4^, l, ^^ 
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'within the range of 80° to 175° C. ; and probably having the 
general formula On Hn-e. The first of these, which he found to 
boil constant at 80°, was proved to be identical with benzole^ 
CjjHg. The second, boiling at about 113°, was determimed^ 
from certain reactions, to be identical with toluole, 0, ^H,. The 
special study of this body was deferred, however, with the re- 
mark that it had not yet been isolated in a state of sufficient pu- 
rity to claim an analysis. The third body, boiling at about 140^ 
to 145°, was said to present all the characteristics of cumqle^ 
C, 3H, J ; but this view was not founded on a careful study and 
comparison of the chemical or physical properties of these bodies, 
but was merely an expression of opinion in advance of anticipa- 
ted results.- Of the fourth body, boiling at about 170° to 175°, 
Mansfield remarks that it bears so strong a resemblance, in odor 
and other properties, to cyraole, C^ qH, 4, as to induce the belief 
that this substance is identical with the hydrocarbon existing 
in oil of cumin. It thus appears that of the four bodies which 
Mansfield detected in coal-tar naphtha, benzole is the only one 
which he had studied in any detail. Indeed he distinctly states 
that the others had not yet been isolated in such a state of purity 
as to entitle them to analysis. And yet his conjectures as to the 
identity of these bodies, thrown out by way of preliminary no- 
tice of results which were acknowledged to be incomplete and 
inaccurate, have nevertheless been extensively quoted, and gen- 
erally received as established facts. In addition to the bodies 
already mentioned, Mansfield also detected the presence of a 
body more volatile than benzole, having an alliaceous odor, 
which he found to boil between 60° and 70°. Eitthausen" made 
a re-examination of the light coal-tar naphtha, in order to obtain 
the hydrocarbons in a state of greater purity, and to prove the 
correctness of Mansfield's view of the composition of this naph- 
tha. In regard to the results which he obtained, he says they 
fully confirm those of Mansfield. Of the body which Mansfield 
designated as probably identical with cymole, and of the oil 
more volatile than benzole, Eitthausen obtained quantities too 
small to admit of investigation. In regard to the latter, how- 
ever, he remarks,* that to Mansfield's account he can add, that 
"its nitro-product quite resembles that of benzole, and hence 
that at all events it belongs to the series On Hn-e, and perhaps 
lias the formula 0, 0^4." ^ It is to be regretted that Eitthausen 

'Journal fur praktische Chemie, 1854, Ixi, 74. 

' " Ich kaan dea Angaben von Mansfield uber das letztere nur das hinzufuffen, 
das seiae Nitroproducte denen des Benzols, etc. ganz abnlich sind, daher es jedeofaUs 
derReibe CnHn-6 aagebort und vielleicht die Formel Cion4 besitzt. 

^ On a. future occasion I shall show that Ritthausen was in error in placing this 

body ui the benzole series, and indeed in considering it as a hydrocarbon at idl. 

Be was evidently deceived by operating on a mixture containing benzole. Further- 

1 more, as Mansfield sujigested might be possible, that part of the nftp1iti1i& m^x^ nq\v 
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slso omitted to analyze and determine tbe vapor density of any 
one of these anbatances, lie having added, therefore, nothing 
more than a confirmation of the results of Mansfield. He giva 
the boiling-point of benzole at 80°, of toluole at 109°, and of the 
80'Calied cumole at 139°-140°, which will be found to agree very 
Dearly with my own determinations. Church,' in the following 
year, published a paper on the "Determination of Boiling- 
points in the " Benzole Series." I cannot better present ha 
Faults than by quoting the following table: — 

Pormulo. Ball Inf -paint. OiOtreaM, 

Benzole, C.-H. =C.3<C,n,) SC-Si „,,. 

Toluole, CnH, = U„ 4(C„ H,) 103°-7) ^Ll 

Sylole, C,.n,- = 0,5(0, Ha) 126M %LX 

Cumole, C,8 H,_ = C, O^C.Hj) 14B''-4 tiA 

Cymole, C^oH,. = C^ 7(0^ H^) ITO"-?* "^^ " 

Church states that he obtained all of these bodies from coal- 
naphtha, and also that he obtained benzole from benzoic acid, 
toluole from toluylic acid, xylole from woodapirit, cumole fV(»ii 
cuminic acid, and cymole from oil of cumin ; and that he haa 
found the corresponding bodies from these different sources to 
be identical. It will be observed that Church claims to have 
found in coal-tar a body boiling at 126''"2, which he calls lyiofc, 
thus supplying from this source a fifth member of the benzole 
series; whereas Mansfield andRitthausen found only four bodies 
within the range of temperature indicated by the table. It will 
also be observed that his determination of the boiling-point (J 
tolaole is much lower, and that of cumole much higher, than ■ 
the corresponding determinations of Mansfield and Ritthausen; 
thus giving room for a middle member between them, and pre- 
serving a remarkable uniformity of difference — viz. 22° and a 
fraction — between the boiling-pomta of any two coatiguous mem- 
bers of the series, for the addition of 0,Hj. 

That the earlier investigators bad found in coal-tar naphtha 
only the two lower members (C, ,H, and , jH,) and the two 
Qpper members (C|,H, , and Cj,H,,), indicating the absence 
of the middle member (C,bH|„) of the benzole series, was 
always to me an anomaly which I could not reconcile with 
any plausible theory in regard to the formation of these bodies; 
and I was led, therefore, to question whether this body had 
not been overlooked in making the separations. The alleged 
discovery of this body in coal-naphtha by Church, together with 

tile thaa bensole is bj no means composed of a single substance. Having had i 
lar^^e quantity of this volatile material at mj command, I liara been able to obtaio 
the separata conatitueots apparentlj in a state of great puritT- Of tbe two bodies 
teparated, one of them boila cotutant at about 40°, and the otber near 0'. Botb are 
compounds containing sulphnr, and therefore will mare properl; form the aubisAfe 
of a separate paper. 

■ FUloeophicat MagadM, 1S6S, [4], iz, S66. 
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he beautiful uniformity of the boiling-point difference through- 
)ut the series which he presented, and the apparent care with 
vhich the whole research had been conducted, led me to regard 
lis results as being more reliable than those which had previously 
yeen published. I remained under this conviction until I had 
iiscovered the boiling-point difiFerence of 30° in other series of 
hydrocarbons," which led me to doubt the accuracy of Church's 
determinations of boiling-points, and to consider those of Mans- 
field and Ritthausen as probably more correct. 

In the first paragraph of his paper, Church remarks that, 
*' although doubts still remain as to the relations of these bodies 
to one another, yet their composition has been ascertained with 
certainty." It does not appear, however, that an analysis or 
vapor density of any one of the members of this series, as ob- 
tained from coal-tar, except benzole, had ever been published. 

As already indicated by the title of his paper, it appears to 
have been the design of Church to treat only of the boiling- 
points of these bodies ; yet finding that his preparations of 
toluole — prepared both from coal-naphtha and toluylic acid — gave 
a boiling-point difiFering considerably from observations previously 
published, he took occasion to make analyses of his preparations 
of this substance, which he regards as ** perfectly satisfactory ;" 
and adds that **the details and numerical results of these analy- 
ses, and of many others which the present inquiry necessitated, 
the limits and special object of the present paper do not admit 
of my giving here." As he undertook to correct the work of 
his predecessors, to do which fairly would seem to require the 
publication of these " details and numerical results," their omis- 
sion is to be regretted, the more since he found space and pur- 
pose for matter apparently less relevant to his special subject. I 
am prompted to these remarks from having been led to under- 
take the tedious task of making a re-examination of coal-tar 
naphtha mainly on account of the disagreement between 
Church's determinations, which I have found to be mostly in- 
correct, and those which had been previously published. 

In addition to the bodies mentioned in the foregoing table, 
Church alludes to the discovery of two other bodies, boiling re- 
spectively at 97° and 112°. Subsequently, in a ** Note on Para- 
benzole, a new Hydrocarbon from CoaWJ^aphtba,"" he publishes 
the details of an investigation of the former of these two bodies, 
which he finally found to boil ^^ perfectly constant at 97°'5," and 
to be isomeric with benzole. 

• I think I shall be able to show in the following pages, — 
1. That coal-tar naphtha contains only four hydrocarbons 

within the range of 80° to 170°, as taught by Mansfield, and 

confirmed by Bitthausen. 

' See a following Memoir on this subject 
'"> PMosophical Magazine, 1867, [4], xiii, 416. 
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2. Tbat the benzole series within that range of temperatare 
is limited to four members, and therefore does not contain five, 
as has been generally supposed. 

8. That these four members have the boiling-points 80®, 110**, 
140°, and 170 respectively; and consequently that the boiling- 
point diflference in this series, for an elementary difference of 
OaH,, is 30°, instead of 22° and a fraction as alleged by Church. 

4. That the body obtained from coal-tar naphtha, boiling at 
140°, is not identical with cumole from cuminic acid, as assumed 
by Mansfield, nor even isomeric with it ; but that it has the 
formula which has been assigned to xylole, containing C,H, 
less than that of cumole. 

5. That the body obtained from coal-tar naphtha, boiling; at 
170°, is quite a different body from cymole obtained from oil of 
cumin, — with which it has been considered identical, as assumed 
by Mansfield, — these bodies differing from each other by CgHj. 

6. That cumole from cuminic acid, and cymole from oil of 
cumin, do not even belong to the benzole series. 

7. That the Parabenzole of Church was in all probability only 
a mixture of benzole and toluole. 

Of the Quality of Naphtha employed in Hits Investigation, — As 
I h^ve taken occasion to question the existence in coal-tar naph- 
tha of two of the substances which it has been said to contain, 
— viz. cymole, Ca^Hj^, and parabenzole, CjgHg, — it is a mat- 
ter of some importance th^t I should clearly state the kind or 
quality of the naphtha employed. The tar from which this 
naphtha was obtained was a mixture of the tar furnished by the 
following companies, viz. the New York and the Manhattan 
Gas-Light Companies, of New York ; Brooklyn Gas-Light Com- 
pany, of Brooklyn, N. Y. ; Albany Qas-Light Company, of 
Albany, N. Y. ; and the Gas-Light Companies of Newark and 
Jersey City, in New Jersey. It was mostly made from Cannel 
and Newcastle caking coals, which were imported from Liver- 
pool, and mixed in the proportions of one-third to five-eighths 
Cannel, to two-thirds to three-eighths Newcastle. In some of 
the works a portion of the caking coal was from mines in Penn- 
sylvania. The tar from these different gas-works, as regularly 
received at the naphtha manufactory, was poured into a large 
tank provided for this purpose. The stills were uniformly 
charged with tar directly from this tank ; so that there can be 
no doubt that the naphtha employed was made from a mixture 
of the tar supplied by the six different companies above enu- 
merated. Most of the gas-works referred to are large, the an- 
nual production of tar amounting in the aggregate to upwards 
of 50,000 barrels. It does not appear, therefore, that the ab- 
sence of the bodies in question from the naphtha which I have 
employed^ can be attributed to any pe^\SL\\axv\.3 o? t\i^ tax. The 
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naphtha was prepared in a manufactory in New York over 
which I had at that time personal control, and was purified un- 
der my own direction. The process of purification did not dif- 
fer essentially from that in common use in England, the reagents 
employed being oil of vitriol and alkali. One hundred barrels 
of the purified naphtha were subjected, under my personal su- 
perintendence, to repeated fractional distillation from an iron 
still. The chief object in operating on so large a quantity 
was to insure the detection of any constituent which might be 
present in small proportion. The process of fractioning was 
continued on this large scale until the separations had so far 
progressed, that at certain temperatures a full barrel of distillate 
would come off from the ten-barrel still employed, without a 
variation of more than one or two degrees of the thermometer. 
Finally, a sample gallon was taken from each of the barrels com- 
posing the last series of products, and these samples were set 
aside for this investigation, which was afterwards conducted in 
the laboratory. 

Of the Results of Fractional Condensation, — Such of the sam- 
ples above mentioned as promised to yield the different constit- 
uents of the naphtha in the largest proportion were subjected 
to repeated series of fractionings by my process of " Fractional 
Condensation." " As full details of this process have already 
been given in the memoir referred to, it will be needless to re- ** 
peat them here. If will suffice to say that the fractioning in 
this case was conducted in all respects as there described, and 
continued until the whole of the naphtha taken, boiling between 
80° and 170°, had accumulated at the four points already indi- 
cated, viz : at 80°, 110°, 140°, and 170° ; or so nearly the whole 
that the intermediate quantities had become too small to admit 
of being further operated upon. Having, therefore, so thor- 
oughly exhausted the intermediate fractions, I can have no hesi- 
tation in asserting that no other body than those alluded to was 
present in the naphtha, — at least, in appreciable quantity,— 
hence, that the parabenzole of Church was probably only a mix- 
ture of benzole and toluole. I may here remark that each of 
the sample-gallons employed, when subjected to my process of 
fractioning, was found to contain, in variable proportion, all of 
the constituents of the naphtha. 

Of some of the Properties of the Bodies obtained by Fractioning, — 
1. Benzole.— Specific gravity, 0*8957 at 0°, and 0*882 at 15°-5." 

^ Memoirs of the American Academy, 1864, and last volume of this Joamal. 
. " It would appear that the specific gravities of liquids are usually determined 
at tke temperature of the air. The result of this is that the determinations made 
by different observers are not comparable with one another. That these specific 
piTitiet are not uniformly taken at 0" C— the temperature which, on account of 

iv. JorB. BolSeoonv Sehieb, Vol. XL, No. 118.— Jx3LT,18tt5. 
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Determination of Boiling-point. — This experiment was con» 
ducted in a tubulated retort, operating on 160-200 c. c. of the 
benzole, containing some pieces of sodium. The benzole em- 
ployed had previously been repeatedly boiled with sodium, until 
the latter ceased to have any action. The thermometer bulb 
extended into the liquid" nearly to the bottom of the retort. 
A second thermometer was attached, by means of flexible bands, 
to the side of the one in the retort; the bulb being placed, dar- 
ing ebullition, at a point midway between the center of the cork 
(—5**) and the upper end of the mercurial column, vi^: at 85^ 
A paper screen^ closely fitting the thermometer spindle, was pla- 
ced across at the top of the cork. With the retort neck slightly 
inclined upwardj and cooled to prevent the escape of vapor, 
ebullition was continued for a considerable time, until the mer- 
cury in the thermometer ceased to rise. The lamp being removed 
for the moment, the neck of the retort was then turned down- 
ward, and quickly inserted in a Liebig's condenser. On replac- 
ing the lamp, distillation commenced almost immediately at 79^ 

Observations. — 

Temperatare. Time; Temper, by side thermoEb. 

<> b. m. 

79-0 at 2.40> 



79-2 " 2.46( .1 '^'''^^' 22-. 

79-4 « 3.00{ f^ ,, 24**. 

79-3 « 8.12( i!! ,, 25**. 



j 20 " 



79-6 " 8.32( (" „ 26**. 

79-6 " 8.60>' ^" 26**. 

^ater cooTenience, etc., is getierally acknowledged to be pfeferable-^is probaltly 
due to the fact that the more common specific gravity bottle is not suitM to Uib 
purpose. Indeed, with a volatile body tnat bottle cannot serve for 
an accurate determination at any temperature. A reform in this re* 

Srd being highly desirable, I would call attention to a specific gravity 
ttle which I obtained a few ye&ta ago fi'om Fastrd, in Paris, which 
is admirably adapted for taking specific gravities, even of volatile 
liauids, at a low temperature. The accompanying figure represents 
diis bottle one-half its natural size. Who \tras tho author of this 
particular form I am not informed, although it may have been 
already noticed in some publication. A bottle analogous to this is 
^ured by Schiel ("Einleitung in das 8tudium der organiscben 
^emie," page 'J 6) ; but his bottle has an oval bottom, which makes 
it less convenient; The partictiar advantage of this bottle over the 
more common one, which advantage Schiel omits to notice, consists 
in this : that the space or chamber above the line on the capillary 
neck is large Enough to allow for the expansion of the liquid conse- 
quent upon the elevation of temperature from 0° to that of the sur- 
rounding air ; and that the ground stopper fits so closely that no 
perceptible loss from evaporation can take place during the time 
occupied by an experiment. 

In order to furnish determinations of the specific gravities of the 
bodies to be treated of in these researches, which shall be comparable with oomf* 
ponding determinations by other observers, I shall generally record one or man 
spedal determinations made for this purpose. 

" For critical remarks on the question of propriety of placing the tbermomeiir 
balb in the liquid, et^.; and for further details of the method of taking boilhy* 
jM>int8, especially at low temperatures, see a following memoir, ** On thalnitaflDOS 
~ CfjgHg on the boiling-points in HomoVogo^ ^ec\eft oC H.^dtocarbQn8 " ete. 
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Distillation therefore oocupied one hour and ten minutes, during 
which time the thermometer rose only 0°'6, being fifty minutes 
in rising 0**'2 from 79°*4 to 79*^6, at which temperature it had 
distilled nearly to dryness. Height of the barometer during the 
experiment reduced to 0"^ =761-y™«». Taking 79°4, this being 
the average of the last five observations, and applying the cor- 
rections for the upper column of mercury, and for atmospheric 
pressure, according to the directions given by Kopp," we find 
the corrected boiling-point of benzole to be 80°*1. 

Analysis. — 02339 gram of benzole gave, by my process" jof 
combustion in a stream of oxygen gas, i0'7903 of carhqnic acid, 
and 01683 of water. 

Calculated. Found. 



Carbon, 0^2 ?2 


92^31 •92-1.5 


Hydrogen, Hg 6 


7-69 7-99 


78 


10000 100-14 


Determination of Vapor Density, — 




Temperature of balance, 


16* 


Temperature of oil bath, 


171^ 


Height of barometer, 


764-l°»°» at 9** 


Increment of balloon. 


0-2447 


Capacity of balloon, 
Density of vapor found, 


265 c Q, 


2-688 


Theory, C 12^8=4 volumes. 


2*698 



2. ToLUOLE.— Specific gravity, 0-8824at 0^ and .0:872 atl5^ 
Determination of Boiling-point. — The preparation employed fqr 
this determination had also been repeatedly boiled with sodium 
until the latter ceased to have any action upon it. ^Operating Xn 
this case also upon a pretty large quantity, the distillation occu* 
pied about an hour. The experiment was conducted as detailed 
under the head of benzole. Distillation commenced at 110°*6; 
two minutes later, the temperature had fallen to 110°*4, ^t which 
point it remained absolutely constant during the lapse fOf forty- 
eight minutes. Five minutes later the temperature had risen 
again to 110°-6; and five minutes later to 110°'8, at which 
point, having distilled nearly to dryness, the operation was sus- 
pended. The corrections for pressure (— 0°16) and for the upper 
colamn of mercury — which, with the thermometer used in this 
experiment, was only 7° in length, — gives 110°'3 as the corrected 
boiling-point of toluole. Church" remarks that toluole, when 
distilled in the ordinary manner, is liable to 'become oxydized, 
and its boiling-point thereby raised, in consequence of the upper 
part of the retort becoming heated above tne boiling-point of 
toluole. He found that toluole which, by. ordinary distillation, 

^* PoggeDdorflf 's Aonalen, 1847, Ixxii, 38. 

" Proceedings of the American Academy, 1804, ^.^51, and this Jour., zxzix, 826. 

>* HukMophical Magaaine, 1856, [4], iz, 256. 



100 C M. Warren an the Volatik Hydrocarhonti 

had come over between 108° and 109°, would distil eight-t( 
between 103° and 104°, after repeated purification with sod 
I would therefore state that my preparation of toluole was r 
subjected to a temperature above its boiling-point ; and t 
have never noticea any reduction of the boiling-point of 
hody by purification with sodium. 

Analysis, — 0*1628 gram of toluole gave, by combustion 
stream of oxygen gas, 0*6447 of carbonic acid, and 0*1315 of ^ 



Calculated. FouncL 


Carbon, C^^ 84 


91-3 91-20 


Hydrogen, Eg 8 


8-7 8-97 


92 


100-0 100-17 


mination of Vapor Density, — 




Temperature of balance, 
Temperature of oil bath, 
Height of barometer, 
Increment of balloon, 


ir 

209° 

760-1"^"^ at 16* 

0-287 


Capacity of balloon, 
Density of vapor found, 
Theory, Ci^H8 = 4 volumes. 


249-6 c. c. 
3-2196 
3-1822 



3. Xylole {Cumole of Mansfield and RiUhausen), — Sp< 
gravity, 0*878 at 0°, and 0*866 at 15^*6. 

Determination of Boiling-point. — This determination was i 
in all respects like that of benzole, the xylole employed ha 
been also subjected to the same treatment. The quantity 
rated upon was^ however, smaller, and the experiment condi 
more rapidly. Distillation began at 138°*6, and terminate 
139°, having distilled almost to dryness. The time ooct 
was seventeen minutes. Taking the average of these obs( 
tions, viz: 138°'4, and applying the customary corrections 
find 139°'8 to be the corrected boiling-point of xylole. 

Analysis, — 0*1333 gram of xylole gave, by combustion 
istream of oxygen gas, 0*4413 of carbonic acid, and 01185 of w 

Calculated. Found. 



Carbon, C^g 96 


90-57 


«0'29 


Hydrogen, Hj^ 10 


9-43 


9-87 


106 


100-00 


100-16 


rmination of Vapor Density, — 






Temperature of balance, 
Temperature of oil bath. 
Height of barometer, 
Increment of balloon. 


16^-6 

207**-6 

^'CO"^"^ at 14* 

0-3628 


•Capacity of balloon. 
Density of vapor fouivd, 
Theory, C^^H,^, 




228 c. c. 
5-7617 
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These results show clearly that this body has the formula 
0^ ,H, ^, and that it is doubtless the third member of the ben- 
55ole series." Although xylole, first discovered by Cahours in 
the oil separated from wood-spirit, has had a much lower boil- 
ing-point assigned to it, I have retained that name for this bodv, 
since the results which I have obtained in the study of the light 
oil from wood-tar indicate that when the corresponding body 
from this source is in a state of equal purity, its boiling-point 
will agree with the above determination. I may here mention 
that in my researches on the light oil from wood-tar I have ob* 
tained a body at about 140^, but nothing between that and 110^ 
(these temperatures are not corrected), although special pains 
were taken to work up the intermediate fractions. So that 1 am 
in a position to justify the assertion that no other body was 
present in appreciable quantity between the temperatures men- 
tioned. 

That this body from coal-tar naphtha, boiling at 140°, is not 
identical with cumole from cuminic acid, will be made apparent 
on comparison of the results above stated, with those which will 
be given when treating of cumole. 

4 IsocuMOLE {Cymole of Mansfield). — Specific gravity, 0*8648 
at 0° and 0-853 at 16°. 

Determination of BoUing-'point — This was conducted with the 
usual precautions, and under conditions similar to those detailed 
above. The distillation, as in the foregoing determinations, was 
continued nearly to dryness, and occupied twenty-five minutes. 
Before distillation was commenced, the temperature of the boil- 
mg liquid was found to be 166°-5, and at the close of distilla- 
tion 167°. Applying the customary corrections to the average 
of these observations, viz : 166°*75, we obtain for the corrected 
boiling-point 169o-8. 

Analysis, — 0*1944 gram of the substance gave, by combustion 
in a stream of oxygen, 0.6366 of carbonic acid, and 0*1896 of 
water. 

Calcalated. Foand. 

Carbon, C^^ 108 90^0 89-31 

Hydrogen, Hj^ 12 10*00 1084 

120 100-00 100-15 

" As this memoir is passing throuffh the press, the receipt of my journals for 
September calls attention to Uite publications of Hugo Miiller, B^hamp, and 
Nu^uet concerning this hydrocarbon. Miiller concludes that it is xylole, a result 
wkidi agrees with my own. (Annalen der Ghemie und Pharmacie, 1864, czxxi, 
321.) &champ, on tne contrary, erroneously regards it as being a new hydrocar- 
bon, Dot belonging to the bensole series. (Bulletin de la Soci^tl Chimique, Paris, 
1864,204.) Naquet also calls it a new hydrocarbon, and gives it the formula 
C„Hia. (Ibid., p. 205.) 
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Determination of Vkj)or Density,'^ 

Temperature of balance, 13°'6 

Temperature of oil bath, 241®*0 

Height of barometer, 5.69-5"*°' at 9® 

Increment of balloon, ' 0*4206 

•Caf)acity of balloon, 239 cc* 

JDensity of vapor found, 4*3019 

Theory, CjgHijj, 4-151 

Hence it appears that the calculated density on the formula 
C, gH, , is ©'151 less than that found by experiment The cal- 
culated density on the formula CaoHi,, wnich has previously^ 
been assigned to this body, — although, as tabove stated, without 
an analysis or determination of vapor density, — is 4'645 ; which 
is 0'302 greater than that found by experiment. It will be ob- 
served that the difference between the density found and that 
calculated on the formula C, ,,H, ^ is not only more than twice 
as large as the corresponding ^difference calculated on the fo^ 
mula C , g H , , , but that the error -is reversed-; being with Cj ,H, ^ 
a deficiency^ while with CigHi, it is an eoccess. This circum* 
stance has to my mind a good deal of significance, as it goei 
strongly to show that the lower formula is the true ona For 
of the many vapor densities of hydrocarbons which I have de- 
termined, I have but rarely met with an instance in which the 
density found was not greater than the theoretical density. And 
I have usually observed that the excess of the experimental ov«r 
the theoretical density is larger in proportion as the boiling* 
point of the body is higher, a fact which needs explanation; 
Wurtz** observed a similar difference between the determined 
and ealculated vapor densities of bodies of the formulae CnHn 
and CnHn+3, wiiich he accounted for on the ground that his 
preparations contained an admixture of bodies less volatile, the 
vapors of which would remain in the balloon, and increase the' 
density. But I cannot accept this explanation for the substances 
tere .Seated of, since they invariably distil without residue with- 
in a range of one degree of temperature. I would rather rely 
upon the supposition that •the high temperature employed causes 

f)artial decomposition of the substance, which would be the more 
iable to occur the higher the boiling-point of the body. I do 
not> however, offer this as an explanation, but merely make the 
suggestion. 

PiAjiT IL — Hydrocarbons from Oil of Cumin and Cuminic Acid. 

Thcroil of cumin employed in this research was furnished by 
Messrs. Reed & Cutler, wholesale importers of drugs, etc., of 
Boston. The package bore the label of Eduard Biittner, manu- 

" Bulletin de la Sod6i^ OmmcvoLQ d« Pex\&, l&ftE, 809. 
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facturer, of Leipzig, and purported to be a genuine preparation, 
answering in all of its obvious physical properties — odor, color, 
etc. — the description given of this oil by Gerhardt and Cahours*' 
in their original memoir on this substance, who, it appears, also 
employed a commercial preparation. Its behavior in distilla- 
tion left no doubt of its being a genuine article ; and this was 
afterwards confirmed by treatment of the cuminole with fused 
potash, for the production of cuminie acid, its comportment with 
this reagent being in all respects identical with that described 
by Gerhardt and Cahours. Subjected to repeated series of frac- 
tionings by my process of fractional condensation already re- 
ferred to, it gave, in addition to cymole and the residue of cu- 
minole, a body boiling at about 155°, which so closely resembles 
oil of turpentine in odor, etc., as to be hardly distinguishable 
from the latter substance. The presence of this body may ac- 
count for the very low boiling-point which Gerhardt and Ca- 
hours assigned to cymole, viz: 165°. The boiling-point of 
cymole was subsequently found by Gerhardt" to be 175°, but 
my own determination places it still lower by about 5°. It is 
evident, therefore, from a comparison of their own determina- 
tions, that the oil of cumin which they originally operated upon 
contained an oil boiling below cymole ; and hence the finding 
of such an oil in that which I employed need not raise a doubt 
as to its being genuine. This lighter body is present in so small 
a quantity as hardly to admit of its being detected, or at least 
identified, by the old process of fractiouing ; and its detection 
and isolation by the new process is but another illustration of 
the superior excellence of this method. 

1. Of the Body resembling Oil of Turpentine.— Spe- 
cific gravity, 08772 at 0° and 8657 at 15°. 

Determinalion of Boiling-point, — The quantity of material at 
command was too small to admit of attaining so high a degree 
of purity for this body as was desirable. The product obtained, 
however, distilled almost to dryness between 153°4 and 155° 5. 
Taking the average of these observations, and applying the 
usual corrections, we obtain 155°*8 for the boiling-point of this 
body. 

Analysis. — 0*2575 gram of the substance gave, by combustion 
with oxyd of copper, 0*8288 of carbonic acid, and 0*2766 of water. 

Calcalated. Found. 

Carbon, C-o 120 " 88^4 87*73 

Hydrogen, H,g 16 11*76 11*94 

186 10000 99*67 

" Anoales de Chimie et de Physique, 1841, [8], i, 60. 
*" md., 1846, [8], iv, 111. 
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Determination of Vapor Density, — 

Temperature of balance, 16** 

Temperature of oil bath, 211^ 

Height of barometer, 768*'-4™ at 14* 

Increment of balloon, ' 0*4089 

Capacity of balloon, 221 c c 

Density of vapor found, 4*7281 

Theory, C2oHie=4 volumes, 4-7028 

Excess found, '0253 

The calculated density on the formula C^ ^H, ^ is 4'635 ; which, 
compared with the density found, would increase the excess to 
0093. Although the determination agrees more nearly, indeed 
almost exactly, with the calculated density on the formula C,, 
H,g, the calculation on the formula Oa^Hj^ does not show a 
greater variation from the density found, than we have observed 
to be quite frequent with hydrocarbons of so high boiling-point; 
so that it may be questionable which of these formulae is the tme 
one. I cannot regard the determination of a vapor density as 
reliable for fixing the formula nearer than to within two equiva- 
lents of hydrogen. In the absence of opposing evidence, it will 
be wiser, however, to take the formula which agrees best with 
the results of experiment ; at least until it shall be shown that 
the discrepancy oetween the calculated and observed vapor 
densities of bodies of high boiling-point, which appears to be so 
frequent, is nearly constant, or variable by some fixed law by 
which the amount of the error, in any given case, may be pretty 
nearly estimated. I shall therefore regard this body as having 
the formula C, ,,H, g, which is also better supported by the re- 
sults of analysis. On account of its source, and close resemblance 
to oil of turpentine, I think of no better appellation for this body 
than cumo-oil of turpentine ; thus adding another to the long list 
of isomers of the former substance, the chemical relations of 
which stand in so much need of being further studied. 

2. CuMOLE.— This body was first obtained by Gerhardt and 
Oahours," by the dry distillation of a mixture of six parts of 
crystallized cuminic acid, and twenty-four parts of caustic baryta. 
Abel" obtained the same result by substituting caustic lime f<Hr 
the baryta. His product, however, was found to boil 4® above 
that of Gerhardt and Cahours. My preparation was also made 
by the use of lime. Although the results of my experiments 
confirm the conclusions arrived at by Gerhardt and Cahours as 
to the composition of this body, yet the numerical results diflfer 
considerably from theirs. I have also observed some new fiactB 
regarding the formation of this body. They have described the 

" Aonales de Chimie et de Physique, 1846, [81, !▼, 87. 
" AiiDalen der Chemie und PhaTmade, \%^1,V»l^,%VI. 
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reaction between the baryta and cuminic acid as being much 
more simple than my experiments seem to indicate. On this 
point they remark : ** The formation of cumene is easily explain- 
ed. In effect, the cuminic acid being represented by C4 qH, ^O^, 
it appears that C4O4, that is to say, 2 equivalents of carbonic 
acid, are retained by the baryta, while CggHg ^ are set free/''* 

CaoH,30^ =^302 +C,8H,3. 

In another place (p. 88) they remark, that " by suitably man- 
ftgi^g the heat, and employing no more than 6 gr. of cuminic 
acid at a time, no other products are ever obtained than those 
which we mention."'* My experiments show that this reaction 
is by no means so simple as thus described. The crude product 
obtained from the mixture of lime and cuminic acid, when sub- 
jected to a simqle distillation from a tubulated retort, was found 
to distil between 155° and 250°, leaving a residue at the latter 
temperature which became semi-fluid on cooling. The distillate 
thus obtained gave, by my process of fractional condensation, an 
oil boiling at 151°'l, and a residue at 170°. It is not improbable 
that the latter may prove to be mostly cymole, C3 ^Hi j ; but the 
quantity was too small to admit of pursuing this inquiry with 
the probability of deciding the question. There is evidence, 
however, that the product obtained by Gerhardt and Cahours 
was not simply pure cumole, as they described it, but a mixture 
of different oodies, which would necessitate a more complicated 
reaction than that which they assigned. Gerhardt and Cahours 
found the boiling-point of their cumole to be constant at 144°. 
Four years later, Gerhardt," having occasion to make a very 
accurate determination of the boiling-point of this body, in con- 
nection with his research to find a law governing the boiling- 
foints of the hydrocarbons, found its boiling-point to be 9° 
igher, viz. 153°, which is but 2° higher than my own deter- 
mination. The disagreement between their determinations, it 
being so considerable, may be more reasonably accounted for 
on the supposition that they operated, in the first instance, upon 
a mixture of different bodies ; and yet I cannot see how they 
could have obtained the product boiling below 150°. Additional 
evidence on this point will be found in the discrepancy which 
appears between their determination of the vapor density, and 
that calculated upon theory. 

** " La formation du cumdne s'ezpllque ais^ment. En effet, I'acide cuminique 
etant repr6sent^ par C40H24O4 on voit que C4O4, c'est-adire 2 equivalents 
d'adde carbonique sont retenus par la baryte, tandis que C3gH24 sont d^gag^." 
— Annales de Chimie et de Physique, 1841, [3], i, 89. 

* '* En dirigeant la chaleur convenablement et en n'employant, pas plus de 6sr. 
d'acide cuminique k la fois, on n'obtient jamais d'autres produits que ceux que 
Dons veDons de nommer." 

•• Annales de Chimie et de Physique, 1846, [8], xiv, 107. 

Am. Jour. Sci. — Second Sebies, Vol. XL, No. 118.— July, 1865. 
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The specific gravity of ray preparation of cumole was found 
to be 8792 at 0°, and 0-8675 at 15^. 

Determination of Boxling-point. — The quantity of material being 
quite small, this determination was made in a large test tube, 
with the usual precautions. It had not a perfectly constant 
boiling-point, the distillation ranging from 148 4 to 151®'6. Ap- 
plying the proper corrections to the mean of these observationa, 
gives, for the boiling-point of cumole, 151°'l, which is doubt- 
less a little too high from the impracticability of making a com- 
flete separation with the small quantity of material employed, 
f the boiling-point difference between cumole and cymole, for 
the difference of C3H, in their elementary formulae, is 80®, as 
there is every reason to believe, then the boiling-point of cumole 
should be 150°, as I have found the boiling-point of cymole to 
be but a fraction under 180°. 

Analysis. — 0*1700 gram of cumole gave, by combustion with 
oxyd of copper, 0*563 of carbonic acid, and 01557 of water. 

Calculated. Found. 

Carbon, G^^ 108 9000 • 90-35 

Hydrogen, Hj^ 12 10-00 10-18 

120 100-00 100-53 

Determination of Vapor Density. — 

Temperature of balance, 17** j 

Temperature of oil bath, 203* I 

Height of barometer, Y60-l»""* at 15^ 

Increment of balloon, 0-4428 

Capacity of balloon, 232 c. c. 

Density of vapor found, 4*2003 

Theory, Cj8Hj2=2!4 volumes, 4-151 

1?his determination, as well as the results of analyBis, confirms | 
therefore, the formula which Gerhardt and Cahours had assigned 
to this body. I had anticipated a different result from this, inas- 
much as the hydrocarbon from coal-tar naphtha, which I have 
called iso-cumole^ boiling at 170°, or nearly 20*^ higher than cu- 
mole from cuminic acid, — had been found, as I have shown 
abovC) to have the formula C18H12. I am forced to the conclusion, 
therefore, that these two bodies are isomeric, and belong to differ- 
ent series. A preliminary examination of their behavior with 
reagents indicates that their chemical properties are also diffe^ 
ent. These will be treated of on a future occasion, in Part III \ 

3. Cymolb. — Notwithstanding that this body is so much more 

volatile than the cuminole with which it is associated in the oil 

of cumin, — there being a difference of 40° between their boiling- 

points, — Gerhardt and Cahours found it necessary to resort to 



{ 
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chemical means, viz : treatment with fused potash, in order to 
isolate it. Being desirous of testing the efl&ciency of my pro- 
cess in effecting the separation, the preparation employed in this 
investigation was obtained by fractional condensation, this pro- 
cess having been found as effective in this as in other cases. 
This will appear by a comparison of the results obtained in the 
study of this body before and after treatment with concentrated 
sulphuric acid, which is also effective to remove cuminole. 

Specific gravity. — 

At 0*, before treatment with HO SO3, 0-8697 
At 0^ after " " " 0-8724 

At 14% before ** " " 08592 

Determination of Boiling-point before Treatment with Sulphuric 
Add. — The preparation was found to distil to dryness between 
175°*8 and 177°. The temperature remained absolutely constant 
at 176° during the lapse of ten minutes, and occupied fifteen 
minutes in rising from 176° to 176°'5. Taking the mean of the 
former numbers, viz: 176°4, and applying the proper correc- 
tions for pressure, etc., we obtain 179 '6 for the boiling-point of 
cymole. 

After Treatment with Sulphuric Acid. — The preparation dis- 
tilled to dryness between 176° and 177°, the temperature remain- 
ing thirteen minutes constant at 176°*3, indicating that no essen- 
tial change in the boiling-point had been produced by the acid 
treatment. It was nevertheless evident that some impurity was 
being removed by the acid, as the first portions of the latter be- 
came dark-colored and thickened on being agitated with the oil. 
Successive portions of acid were therefore employed, until it 
ceased to produce any marked effect. 

Analysis before Treatment with Sulphuric Acid. — 01589 gram 
of cymole gave, by combustion in a stream of oxygen gas, 0*5200 
of carbonic acid, and 0*1582 of water. 

Calculated. Found. 

, * 

Carbon, C20 120 89-56 8925 

Hydrogen, H,^ 14 10*45 10-71 

134 100-00 9d'96 

After Treatment with Sulphuric Acid^ and Distillation in Vacuo. 
—01623 gram of cymole^ by combustion iii a stream of oxygen 
gas gave 0*5324: of carbonic acid, and 0*1561 of water. 

Calculated. Found. 

Carbon, C«o 120 89-66 89-46 



Hydrogen, H,^ 14 10-45 



10-68 



134 100-00 100-14 
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The removal of impurity by treatment with sulphuric acid had 
therefore hardly a sensible effect on the results oi analysis. 

Determination of Vapor Density before Treatment tuith Sulphuric 
Acid, — 

Temperature of balauce, 11® 

Temperature of oil bath, 269® 

Height of barometer, 740-6°^ at 6® 

Increment of balloon, 0*4446 

Capacity of balloon, 230 c« c 

Density of vapor found, 4*742 

Theory, C2oHi4=4 volumes, 4*63^1 

After Treatment with Sulphuric Acid. — 

Temperature of balance, 25**6 

Temperature of oil bath, 255® 

Height of barometter, 760°^ at 26® 

Increment of balloon, D'464'7 

Capacity of balloon, 232 c. c* 

Density of vapor found, , 4*7536 
Ditto before treatment with HOSO^, 4*742 

DiflFerence, , '0116 

The results of the two determinations are therefore almost 
identical. 

A comparison of the above results with those obtained in the 
study of isocumole^ the body from coal-tar naphtha boiling at 
170°, will show that the two bodies are far from being the same 
substance, as Mansfield assumed, and that they have a constitu- 
tional difference of CgH,, and iUerefore doubtless belong to dif- 
ferent series. 



NoTSU — I had hoped to be able to present on this occasion the results 
of the study of some of the more important reactions of the hydrocarbons 
treated of in the preceding pages, — at least, of those In re^rd to whidi 
Z have dijSered from my predecessors ; but as this work is yet incomplete, 
and as I am at present occupied vi^ith the study of other substances of more 
immediate interest, I will defer this branch of the subject for future con- 
sideration, in Part III. I may here remark, however^ that the behavior 
of these bodies with reagents is such as to strengthen the cojoclauooi 
already expressed in regard to them. 

[To be ccH3cluded.] 
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A.RT. Xin, — On the nature of the Invisible Photographic Image; 
by M. Cabey Lea, Philadelphia, In a letter to the Editors. 

Some experiments in which I have lately been engaged seem 
to me to finally settle the long-contested question as to the na* 
tore of the invisible photographic image, and I hasten to send 
a very brief description of them, hoping it will be in time for 
your July number. 

The view that the change which takes place in an iodo-bro- 
mized plate in the camera, is a purely physical one, that no 
chemical decomposition takes place, and neither liberation of 
iodine nor reduction of silver, has obtained a pretty general ac^ 
ceptance. But latterly it has been opposed by two distinguished 
photographers, Dr. Yogel and Major Kussel. The former affirms 
that iodid of silver is never sensitive unless there is a body 
present capable of taking iodine from it under the influence of 
light. And Eussel believes that the developed image is chiefly 
produ'ced at the expense of the silver haloid in the film. 

The following experiments seem to me to decisively close this 
controversy in favor of the physical theory. 

Experiment 1. — If the iodid or bromid of silver in the film 
undergoes decomposition in the camera, and still more, if the 
developed image is formed at its expense, the film of iodo-broi- 
mid must necessarily be greatly consumed in the development 
»nder the dense portions of the negative, which it has contrib- 
uted to form. 

To settle this point, I exposed and developed an iodo-bro*- 
mized plate in the ordinary manner. Then, instead of remov- 
ing the unchanged iodid and bromid by fixing in the ordinary 
manner, I took measures to remove the developed image without 
affecting the iodid and bromid. This I succeeded in doing with 
the aid of a very weak solution of acid per-nitrate of mercury. 
Now, if the iodia, or bromid, or both, had been in any way de- 
composed, to form, or aid in forming, the developed negative 
image, when this came to be removed, there should have been 
lefk a more or less distinct positive image^ depending upon varying 
thicknesses of iodid and bromid in the film, much like a fixed 
negative that has been completely iodized. Nothing of this sort 
was visible, the film was perfectly uniform, just as dense where 
an intense sky had been, as in those parts which had scarcely 
received any actinic impression, and looking exactly as it did 
when it first lefl; the camera, and before any developer had been 
applied. 

This experiment seems sufficiently decisive. But the follow- 
ing is far stronger. 
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Experiment 2. — A plate was treated in all respects as in No. 1, 
except that the application of the nitrate of mercury for remov- 
ing the developea image was made by yellow light. The plate, 
now showing nothing but a uniform yellow film, was carefully 
washed, and an iron developer, to which nitrate of silver and 
citric acid had been added, was applied. In this way the original 
image was reproduced^ and came out quite clearly with aU its 
details. 

Now as every trace of a picture and all reduced silver had 
been removed by the nitrate of mercury, it is by this experi- 
ment absolutely demonstrated that the image is a purely physi- 
cal one, and that after having served to produce one picture, 
that picture may be dissolved off, and the same physical impres- 
sion may be made to produce a second picture by a simple ap- 
plication of a developing agent 

Philadelphia, June 14, 1865. 

P. S. — Since the above was written, I have repeated the ex- 
periment with a pyrogallic development with similar results. 
Both the first and second developments may be made with an 
iron developer, or both with a pyrogallic. The experiment suc- 
ceeds without the least difficulty in either way. 



Art. XIV. — Mineralogical Notices; by Prof. C. TJ. Sh^jpabd. 

1. Syhedrite. — ^I have thus named, from its locality, a very 
pretty green mineral sent me in small quantity by Dr. Thomas 
Oldham, Geological Surveyor General of India. It has the fol- 
lowing properties : Hardness =3*5. Gravity =2*821. Massive; 
irregularly foliated in much-contorted individuals, resembling 
common varieties of massive highly crystalline dolomite. Color 
leek-green, — that of the purest Indian heliotrope. Translucent 
on the edges only. Luster vitreous. Cleavage in one direction 
very distinct. Brittle. Liable to alteration by exposure to the 
weather, when it loses its luster arid cleavage, and assumes a pale 
greenish color, at the same time emitting an earthy odor if mois- 
tened. 

Before the blowpipe it swells up slightly and undergoes easy 
fusion into a sliglj^tly grayish pearly-white enamel. With borax 
it gives imperfectly the reaction of iron. Its powder is apple- 
green, in which state it is but slowly attacked by long boiling 
in chlorhydric acid. The liquid does not gelatinize on cooling. 

As I wished to preserve as much as possible of the material 
for an analysis by Mr. Tyler, I had but six grains to submit to tk\ 
qualitative examination. Nevertheless, I kept as accurate an ao-. 
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count as I was able of the results obtained. They were, Silica 
55'00, alumina 12*00, lime 6*00, protoxyd of iron 4'50, magnesia 
2-20, water 13-33 =94-15. 

The mineral occurs in trap at Thore-Ghat, in the Syhedree 
Mountains, Bombay. 

Mr. W. S. Tyler has sent me the following account of his 
chemical examination, in a letter dated Gdttingen, March 1, 1865. 

" I hare finished my examination of the Syhedritey with the 
exhaustion of the material, and send you herewith the results at 
which I have arrived. Though not so satisfactory as could be 
desired, some conclusions ^ to the constitution of the mineral 
may nevertheless be drawn from them. I devoted most of the 
material, of course, to a search for the alkalies, but found none 
present Of the rest, the larger part was used for the determina- 
tion of the water and silica, and of the bases as well as. possible. 
The determination of the silica failed, through an accident ; and 
the precipitate of alumina and oxyd of iron was melted with 
nitrate of potassa to see if a trace of chrome were present. 
None, however, was found. So only the water, lime and mag- 
nesia were determined in this portion. The small remainder 
was again divided. One portion was heated with concentrated 
sulphuric acid in an atmosphere of carbonic acid, to discover, if 
possible, whether the iron was present as protoxyd or peroxyd ; 
but the mineral appeared to be entirely insoluble. The other 
portion, of 0*095 grams, was devoted to a second determination 
of the water. 

No. 1 (0*8239 grs.) was decomposed with hydrofluoric acid, 
and gave 0*1241 gr. A1«0^ 0*025 gr. Fe»0^ 0595 gr. CaO. 

No. 2 (0*3695 gr.), decomposed in the usual way, with carbon- 
ate of soda and potassa, after ignition to determine the water, 
gave 00209 gr. (JaO, 0009 gr. MgO. 

No. 8 (0*095 gr.) gave 00156 gr. HO. 

Analyses, 

1. 2. 3. 

Xl, 1606 

te, 2-71 

Ca, 7-28 6-67 

lifg, 2-46 

% 16-38 16-42 

Si, (by the loss) == 

100-00 

The simplest formula which corresponds to a ratio 1:2:9:4 
would be (8ftSi+2XiSi3)+i2 aq., in which fi represents Xl; and 
i.l'e, and ]S[g, in the proportion 2^6, 6Ca and sfig. This formula 
requires SiO^ 58*05, HO 15*47, A1»0' 14*73, FeO 2*81, CaO 
|6'71, and MgO 2*34. If the iron be calculated as peroxyd, we 
bave the following composition : 
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So regarded it has very nearly the composition of stilbite, the 
oxygen ratio in which is 1 : 8 : 12 : 5, or (ftSia+aciSi3)+6 aq., with 
gi 69-79, Xl 16-61, Ca 9-06 and fl 1464:. The mineral differs, 
however, from stilbite in its complete insolubility in acids; and 
its green color would seem, in tne •absence of chrome, to indi- 
cate that the iron was contained as protoxyd. Want of material 
prevented any further attempts to solve this not altogether easy 
question." * <«■ ^ * 

2. Octahedral Garnet at Middletown^ Conn. — Ever since the 
china-stone quarry of feldspar has been wrought at Middle- 
town, I have known of the occasional finding there of precions 
garnet in small drusy masses, either loose in cavities of feld- 
spar or slightly adhering to the walls of such cavities. The 
color is intermediate between blood-red and hyacinth-red. The 
largest masses were rarely above half an inch in diameter, 
^heir most ambiguous feature was, that they presented no facets 
of the rhombic dodecahedron or the trapezohedron, both of 
which forms were often to be met with in the common red-brown 
garnet of the same locality* Prof Johnston of Middletown, how- 
ever, has lately sent me a small fragment, among some fragments 
of columbite, which shows distinct octahedral feces, thus evino* 
ing the relationship of the substance with the octahedral garnet 
of Elba. 

3. CorundophUite at Chester^ Mass} — I find this mineral to be 
most abundant along with the emery of this locality, especially 
with the coarse granular variety (where the corundum is in 
fhombohedral crystals of a reddish-brown color) ; also with the 
margarite. Ilmenite, in thin curved laminas, is likewise asso- 
ciated with the margarite. 

4. American Sienna. — A valuable repository of this precious 
pigment exists in the town of Whately, which will soon be re- 
ported upon, and is destined to be brought into extensive use. 

5. Diaspore in the Emery-rock of Chester^ Mass. — ^I found this 
mineral on the surfaces of cross-joints of the emery-rock about 
a month since. It was associated with rose-colored amphode- 
lite. On visiting the locality yesterday, I again discovered it 
similarly situated, but associated with radiated epidote ; and in 

' This is the piineral which Dr. JacksoD, in his account of the emerj localify, 
oUIb chloritoid. 
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ond instance, in very distinct crystals occupying little clefts, 
rystals being implanted on massive or simply foliated dias- 
of a delicate pink color, similar to the Hungarian variety, 
crystals had the form usually figured for Goethite, and were 
blood-red color, owing to a very thin film of peroxyd of 
When broken across, however, they showed the same 
as the massive mineral beneath. The hardness, cleavage, 
blowpipe characters fully agreed with the inferences con- 
ng the nature of the mineral derived from crystalline form, 
le observation is the more interesting as adding another 
es to the associates of emery detected at this locality. I 
! elsewhere had occasion to point out two Connecticut local- 
of diaspore, one at Litchfield with corundum and kyanite, 
>ther at Trumbull with topaz and fluor. 

Dtpyre at Oanaan, Conn, — Mr. F. E. Seymour of New York 
me for examination an unknown mineral which I find to 
ipyre. It occurs in small crystals disseminated throuch a 
e saccharoidal limestone, associated with minute crystals of 
:es and occasional scales of a nearly colorless mica. At 
view the mineral seemed to be a glassy pyroxene ; but on 
ler examination it was found to disagree with that species 
in form and in the absence of cleavage. The crystals are 
jonal prisms, or rather right-square prisms, with their lateral 
s deeply truncated, so as to possess very nearly equal breadth 
the primary planes, to which they incline under angles of 
' (reflec. goniom.). Hardness =6. Gravity ==2'6. Semi- 
jparent. Color gray with a tinge of blue. Fracture con- 
lal to uneven. No traces of cleavage. Luster vitreous. 
;est crystals one-third of an inch in diameter. Length about 
3 times their diameter. I have seen but one crystal (out of 
) that showed a tendency toward a regular termination. 
J exhibited one of the pyramidal planes common in meionite 
scapolite. Before the blowpipe it immediately whitens, be- 
es nearly opake, and fuses easily with ebullition into a vesic* 
glass, the name of the blowpipe being deeply colored yellow. 

Dheret College, Feb. 15, 1865. 



SCIENTIFIC INTELLIGENCE. 

I. CHEMISTRY AND PHYSICS. 

On the chemical constitution of the brain, — Liebreioh has disoor- 

in the fresh brain of man and animals a crystalline substanco to 

5h he has given the name of protagon (from TKfutTayop), The brain 

n animal is most conveniently obtained free from blood by catting 

carotid arteries and injecting water until the liquid which flows from 

t JOTO. 8CI.— SjM702W> 8EIllEBy VOL. XL, NO. 118.— JULT,1%». 
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the veins is colorless. After removal from the skull and adheriog mem- 
branes, the brain is to be rubbed in a mortar to a fine paste and the man 
shaken in a flask with water and ether. Cbolesterin and substances solth 
ble in water are thus removed ; after filtering, the mass on the filter ii 
treated with alcohol of 85 per cent at 45^ 0. in a water-bath and tbea 
filtered through a water-bath filter. The filtrate is to be cooled to 0^ 0., 
when an abundant flocky precipitate settles, which is to be collected upon 
a filter and washed with cold ether until the filtrate is free from choles- 
terin. The mass is then to be dried under the air-pump over sulphuric 
acid, moistened with a little, water and dissolved in alcohol at 45^ C. 
The solution, after filtration, is to be allowed to cool gradually upon a 
water-bath to the mean temperature of the atmosphere, when the liquid 
will be found filled with microscopic crystals. These differ somewhat in 
appearance according to the quantity of alcohol employed ; they may be 
purified by repeated crystallization. The pure protagon as obtained from 
the brains of various animals was found to have the formula 

Dried under the air-pump over sulphuric acid, protagon is a light fiodj 
powder soluble in hot alcohol and ether, but with difiSculty soluble la 
these media when cold. Absolute alcohol at a temperature higher thaa 
55^ C. decomposes protagon partially. With water, protagon awelli 
up remarkably and gives an opaque, starch-like mass. More water gives 
a clear but opalescent solution ; when boiled with saline solutions ths 
protagon coagulates, but the coagulum is not a chemical compound, ai 
the salts may be washed out. Glacial acetic acid dissolves protagon to a 
clear liquid, from which, on cooling, crystals may be obtained similar to 
those yielded by alcohol. When strongly heated, protagon melts, be- 
coming at the same time brown, and finally leaves a carbonaceous maai 
which is difficult to burn and which has an acid reaction when moistened. 

When protagon is boiled for 24 hours with baryta water, glycerin- 
phosphoric acid is formed, which unites with the baryta, while a new 
Dase which the author terms neurin is set free. Two fatty acids are 
formed at the same time, of which one appears to be stearic acid. The 
lead salt of the other acid is soluble in ether, but the acid is not the oleia 
Neurin has the formula Cj^Hj^N as the simplest expression of the 
analysis; its platinum salt is Cj^Hj^NCl, PtOI,. The above investi- 
gations are sufficient to show that protagon possesses an extremely com- 
plex structure, while the products of its decomposition separate it in a 
remarkable manner from other known substances. Liebreich conslden 
it certain that the glycerin-phosphoric acid, oleo-phosphoric acid, cerebrin, 
<fec., of certain writers, are all secondary products of the decomposition 
of protagon. It is to be hoped that the author will pursue the invest!* 
gation, which promises results of extraordinary importance and interest 
— Ann. der Chemie und Pkarm,, cxxxiv, 29. w. g. 

2. On an advantageous method of preparing oxygen. — Fleitmaitn hit 
given a method of preparing oxygen from bleaching powder, which poi- 
sesses much interest theoretically, and which appears also to offer some 
decided advantages over the ordinary processes. The method in question 
depends upon the fact that a concentrated solution of hypochlorite of ] 
lime, when warmed with a trace of freshly prepared moist hyperoxyd of 
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t, 18 completely decomposed into ozjgen and a solution of eUorid 
Icium. No chlorate of lime is formed, but the whole of the active 
en is given off. The evolution of oxygen takes place at a tempera* 
of 70® to 80® C. in a regular current, with a gentle foaming of the 
i. The author's explanation of the process ia that a lower hypor^ 
constantly lakes oxygen from the hypochlorite of lime and passes 
a higher oxyd, which is decomposed into oxygen and the lower oxyd^ 
the process is then repeated. The same quantity of hyperoxyd will 
i to decompose an indefinite amount of the hypochlorite ; the quan- 
'equired is very small, from ^ to i^ of one per cent being sufficient, 
ad of preparing the hyperoxyd of cobalt separately, a few drops of 
soluble cobalt salt may be added to the solution of the hypochlorite, 

I a corresponding quantity of the hyperoxyd is formed. The advan- 
• of the new mode of preparing oxygen, according to Fleitmann, are 
Hows. 1. The evolution of the gas is very regular and easily man- • 
, so that the process may be used for lecture experiments in which a 
bladder cannot be employed. After the heat is once applied the 

> may usually be removed, the decomposition going on to the end. 

II the oxygen of the material is obtained, which is not the case when 
cyd of manganese is heated. 3. The method is much cheaper than 
by means of chlorate of potash. 

is to be regretted that the solution of hypochlorite of lime cannot 
»ed in the raw unfit tered state, but must be perfectly clear, since a 
Y solution foams so that finally the whole contents of the vessel pass 
A clear solution is best obtained by decantation, one portion of 
e hypochlorite being heated with water, and then this solution being 
oyed to act upon a fresh portion of the bleaching powder. In this 
ler it is easy, from a good bleaching powder of 85 per cent, to ob* 
a solution which evolves 25 to 30 times its volume of oxygen. Upon 
•mall scale, flasks may be employed with advantage, and these may 
lied with the liquid to |- of their volume. Upon the large scale for 
ileal purposes steam boilers would answer well, and would permit 
evolution of gas under pressure. — Ann. der Chemie und Pharm^ 
\v, 64. w. Q. 

On propyl-phycit, — Carius has given the name of propyl-phycit to 
w alcohol, which affords the first instance of a tetratomic organic oxyd 
ombination with water, and the formula of which, in the ordinary 

valent notation, is CgH^O^, 4H0 or ^»^* I Og. The new alcohol 

I amorphous, solid, tough and colorless substance. It does not crys- 

:e, is soluble in water and alcohol, and has a very sweet taste. In its 

lical relations, propyl-phycit resembles the group of sugars in a very 

irkable manner. The solution, acidulated with a little chlorhydric, 

iiuric, or even acetic acid, and evaporated in a water-bath becomes 

m, while a body resembling humus separates, and the greater part of 

ilcohol is converted into a carbonaceous mass. Humus-like substances 

filso formed by boiling the alcohol with alkalies. Propyl-phycit pre- 

s the precipitation of oxyd of copper by caustic potash and reduces 

ir from the ammonia nitrate. Dilute nitric acid oxydizes the alcohol 

C H O ) 
forma a new acid, * '^' r ^s i ^ ^ further oxydation, oxalic add 
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is formed. All the four equivalents of hydrogen in the molecule of pio- 
pjl-phycit may be replaced by other radicals, simple or compound ; thus 

OH) 
the lead salt has the formula -^ \>i^ \ Og. The author describes ▼ariosi 

ethers derived from the new alcohol, the formulae of which are as follows: 

C H ) 
Mono-nitrate, -^ -^^ f ^s* 

Di-acetete, H^Jj^HaO,), } ^•• 

Tetracetate, (l*,n*,0 J^ [ ^'' 

C H ) 

Triethyl ether, Il1c*H ) \ ^^' 

Tetrethyl-ether, /o H > r ^s* 

c,V * ) 

Diaceto-diethyl ether, (C. Hg)^ V Og. 

These compounds are of special interest as illustrating the tetratonii 
character of the new radical C^H^, and as establishing the ^xistenosof 
4-acid alcohols. They render it, to say the least, extremely probable tbat 
Hannit, and also the ordinary species of sugar, may be prepared artit- 
cially, and they confirm the view long since proposed by Berthelot that 
the sugars are hydrated oxyds analogous to ordinaiy alcohol but of a 
higher order. A tetracid alcohol wUl form four chlorids by the succeasivi 

Q vf ) C H PO 
replacement of HO^ by 01. Thus we should have * 13* c ^8» *h* \ cf ' 

^*H* ( C* ' ^^H* ( or ' ^sH* . Cl^. Of these two chlorids, the second 

in order, namely, ®tj* c pi* » was obtained by the author from glyoeriiw 

and formed the starting point of the present investigation. — Ann, iir 
Ckemie und Pharm,, cxxxiv, p. 71. w. a. 

n. MINERALOGY AND GEOLOGY. 

t. Descriptions of New Species of Fossils firom ike Paleozoic Bocks sf 
the Western States ; by J. H. McChksnby. Chicago. Date of text be- 
tween 1859 and 1861 ; illustrations, 1865.* — The letter-press of thisms- 
noir, issued in separate parts some time back, was briefly noticed in thii 
Journal, [2], vol. xxxii, p. 122, 1^61. Since that time the author hai 
had most of the fossils described by him carefully lithograplied, and now 
reissues the whole, consisting of ninety-seven largo octavo pi^es of text, 
widi intercalated wood -cuts, and nine well executed plates containing 
about one hundred and sixty figures. The fact that these ^ures vrsrs 

* The exact date of the publicatimt of this memoir is trnknown to ot, tiiiet it 
bears only the date of the preparaHan of the first part, (Oct 1859Vwhtcfa waa aoi 
actually published for some time after ; while we did not receive toe last part, nor 
CM w§ lewrn that it reached others, until about the middle of Febniary, IMI. 
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drawn on stone by Mr. Salter of London, the well known English paleon- 
iologiet, is alone a sufficient guaranty for their accuracy ; but we can add, 
from a personal knowledge of many of these forms, our own testimony 
that they are faithfully represented. 

By reference to our former notice of this memoir, alluded to above, as 
origioally published without figures, it will be seen we were then im- 
pressed with the remarkable coincidence of the characters of several 
forms described, with those of old and well known species. But as no 
illustrations accompanied these descriptions as then issued, we did not 
consider our means of comparison sufficient to justify an expression of 
opinion in regard to the validity of the proposed new species. As the 
author has now, however, added good figures of many of these fossils, 
we have made careful comparisons of the species with those figured and 
described by others, and here offer some critical notes embodying our 
conclusions. 

To begin with the first plate, w^ would remark that figure 1, Betzia 
suhglobosa McC. was described by Dr. Shumard in 1858, under the name 
Betzia punctulifera^ in the Trans. St. Louis Acad. Sci., vol. i, p. 220. It 
is also identical with a form de8cribe<l by Marcou during the year 1868, 
in his N. Am. Geol., p. 51, as Terebratula Mormonii. Figure 2, Tere- 
Irattda geniculosa McC. represents a well known species described many 
years back in this Journal, by Dr. Morton, from Ohio, as T. bovidens, and 
more recently by Prof. Hall under the name T, millepunctata^ in vol. iii, 
Pacific Rail Road Reports, p. 101, 1857. Figure 3 of this plate is not 
mentioned in the explanations of the figures, and as no references were 
printed with the text to any of the illustrations, some doubts may exist 
la regard to the species it is intended to represent ; but from the fact that 
it agrees well with the description of a shell he proposes to call Ambih 
coelia ffemmula on page 41, and with no other form described in the 
memoir, we suppose it must have been drawn from that shell. In regard 
to this form, however, we have only to say, that reliable authorities both 
in this country and England, including Mr. Davidson of London, after a 
carefiil examination of authentic specimens from the Illinois localities, 
consider it the common Spirifer Urei Fleming. If future comparisons, 
however, should show it to be distinct, Prof. McChesney's name could 
not stand, since Dr. Shumard had proposed for it the name Spirifer plor 
noconvexus^ in 1858; see Missouri Geol. Report, page 202. Figured, 
Spirifer eubventricosus (subventricosa in the memoir), seems to be a vari- 
ety of the same shell described by Prof. Hall in 1858, under the name S. 
ommtts ^lowA Report, p. 711), judging from specimens of S, opimus from 
the Iowa localities. Figure 5, Orthis Bichmondi McC, was described by 
Meek d? Hay den, from the Coal-measures of Kansas, in the Proceed. Acad. 
Nat Sci. Philad., 1858, under the name Orthisina crassa, and subse- 
quently referred by them to the genus Sireptorhynchus^ to which it prop- 
erly belongs. Fig. 6, Orthis Lasallensis McC. is almost certainly only a 
variety of the last. Upon such trivial differences, species may be multi- 
plied indefinitely in a genus like this. Fig 7, Productus asper McC, fig. 8, 
P. JVilberanus McC, and ^g. 0, P, symmetricue McC, are all, we strongly 
snspect, only varieties of one species, apparently very closely allied to the 
European A icabriculue; if distinct from that shell, however, Norwood 



118 Scientific Intelligence, 

and Pratten^s name, P, Eogersiiy (Jour. Phil. Acad. Sci., Aug. 1854) 
founded upon a variety, or more properly, condition of the same, will 
have to be adopted. Figures 11 and 12, Productus tubtilospinus MgC, 
seems scarcely distinct from the European spec^es^ P. punctatus ; bat if 
different, our author^s name cannot be retained for it, since it was figured 
by Prof. Shephard in this Journal, vol. xxxiv, p. 153, under the name 
P, aemipunctalus, as long back as 1838. 

In regard to Plate II, we would merely remark that figure 5, BeUirih 
phon Blaneyanus McC. seems to be only a variety of his B. vitUUui, 
He is doubtless correct, however, in separating these forms from B, Urn 
Fleming, though here, again, he was too late in proposing a new namc^ 
since Mr. Cox named this shell B, carbonarius in 1857 (see Kentuc^ 
Geol. Report, vol. iii, p. 562). His figures 9, 10 and 13, of this platfl^ 
representing forms he calls Leda Knoxenm^ L, Owenii, and L, Ruahenm^ 
have more the form of the genus Yoldia, If they are true -Ledas, how- 
ever, their names must be written Nucidana Knoxen^is^ N, Rushmuit 
and N, Owenii, since the name Leda is only a synonym of the older 
genus Nuculana Link, 1807. Figure 12, Nucula Mercerensis Mc(X, bai 
not the form of shells of that genus as restricted by modern conchologist!* 
Figures 14 and 15, Natica Allonensis McC. and i\r. Shumardi McC. are 
not Naticas at all, as will be seen at a glance, but belong to McCoft 
genus Natieopsis, and hence, if new, must be called Naticopsit Altmt%' 
m and Naticopsis Shumardi. The genus Natica^ as now restricted, ii 
wholly unknown in the Paleozoic rocks, as all well informed paleontol- 
ogists must be aware. Figures 19 and 20, Discina trigonalis McC, and 
J), capulfformis McC. are doubtless only varieties of D. nitida Phillips, 
which, according to figures given by Mr. Davidson, who referred speci- 
mens sent from the Illinois localities to that species, includes a wider 
range of varieties than the two forms figured by our author. 

We pass over Plates III and IV, occupied by figures of shells and 
crinoids, which, so far as we know, represent good species. 

On Plate V, among other Crinoids, he gives (fig. 4) an excellent rep- 
resentation of a noble species under the name Forhesiocrinus PratUni, 
which shows distinctly /owr basal pieces, supposed by our author to be 
** probably an accidental feature." It is unnecessary, however, to inform 
any one who has given the Crinoids more than a superficial study, that 
this is a typical Melocrinus, and, hence, must be called Meloerinnu 
Pratteni, 

Figure 1 of Plate VI represents his Producius infiatus^ which may be 
a small variety of P. semireliculatus, supposing that shell to vary to the 
extent represented by Mr. Davidson. Figures 8 and 9 of this plate illus- 
trate his Allorisma sinuata and A, clavata. In the explanations of the 
plate he writes their names Allorisma (Sanguinaria) sinuata, and AUo- 
risma {Sanguinaria) clavata. As Sanguinaria is a genus of plants, tbs 
Professor doubtless intended to write it Sanguinoliles^ since the first of 
these two species seems to be congeneric with some of the forms included 
in the latter genus by McCoy. 

On Plate VII, he gives (fig. 4) Nuculites Va^eyanus, which is un- 
doubtedly a true Leda^ or more properly Nuculana^ and should be called 
Nuculana Vaseyana, The ridge he mentions, descending from tbe 
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beaks, on the inner side of the valves, is a common feature in such Car- 
boniferous species as Nuculana bellistriata {zzzLeda bellisiriaia of Ste- 
vens). His Nacula rectangula, of the same plate, is more probably a 
yuculites. 

On Plate IX, fig. 1 represents his Pentamerus bisinuatus^ which is ap- 
parently only a variety of the well known P. oblongus. On the same plate, 
Be figures a shell at first described by him under the name Ambonychia 
uglecta^ but placed by him now in the genus Pterinea, It has not the 
strong anterior muscular scar, nor apparently the posterior hinge teeth of 
Ptertnea, however, and until the characters of its hinge can be clearly de- 
teruEiiued, it would have been better to leave it in the genus Ambonychia, 
In conclusion, we would state that we do not mean to assert that all 
the species described in this memoir are spurious, or placed in wrong 
genera, for some of them are undoubtedly distinct from all previously 
described forms, and have been properly referred ; while the descriptions 
are generally sufi^ciently clear to enable the paleontologist, by the aid of 
the figures, to identify the forms described. The author also deserves 
credit for having published accurate figures of most of the species pro- 
posed by him, and it is to be hoped that he will publish figures of the 
others, so that all may form their own conclusions as to which of them 
should be adopted, and which arranged in the lists of synonyms. We 
moat confess, however, that a careful study of his memoir has not left a 
very favorable impression in regard to the author's powers of discrimina^ 
tion, nor of his knowledge of the literature of the subject upon which ha 
has essayed to write. 

2. Mont Alto Lignite and Appalachian Erosion ; by J. P. Lesley. 
30 pp., 8vo, with 4. plates. (From the Proc. Amer. Acad. Sci., 1864t 
pp. 463-482.) — Mr. Lesley here describes a bed of lignite found recently 
m Southern Central Pennsylvania. He regards it as of the same age 
with the lignite of Brandon, Vermont, described by Prof. Hitchcock, 
but not connected in any way with the iron ore (limonite) beds with 
which the latter associates them.* 

Mr. Lesley enters at some length into the nature and origin of the 
ore-bed formation of the Atlantic border, and the position of the lignite, 
&om which we cite the following : 

^ It consists everywhere of two parts, more or less easily distinguished ; 

the one stratified in the same sense as the Silurian limestones themselves ; 

the other a surface-wash over the basset edges of the first. The date of 

tbe formation of this local surface-wash may be Tertiary, and perhaps 

Foit-tertiary. The stratified portions must be, as to their stratification, of 

lower Silurian age; while the metamorphism which they have undergone, 

w nfu, productive of stratified clays and ores, may date from any tivM 

tnkequent to the formation of a surface-topography approximately iden- 

tkd with that which now exists. The actual change of the original Lower 

Silurian calcoferriferous sandstones and slates, in situ, at their outcrops, 

into limonite clay beds, in ipso situ, stratified as before, but charged with 

* These limonite beds were long eince shown by Percival to be. in part at least, 
contrary to the views of Prof. Hitchcock, altered beds of pyritiferous, micaceous 
and ftigillaceout schist in place. (See bis Report (1842), p. 132, and also this Joor^ 
oil, [2], n, 268, 1846.) 
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an additional percentage of the oxyds from a former higher surface now 
eroded, and with this extra charge of iron and manganese carried by per- 
colation down to and crystallized against their foot rock, — this cbanga 
may have required an immense time to perfect, and no doubt was going 
on, pari passu with the degradation of the surface by slow erosion, from 
higher to lower levels, unlil it stands at the level of the present day, 

'*The brown-hematite ore-deposits of Mont Alto follow the oaterop 
edges of the slates and sandy limestones which form the southeastern 
edge of the valley. The ore is in fact nothing but the residue of these bedi 
after decomposition and dissolution, the honeycombed and altered edges 
of the Silurian slates and sand-limes themselves, after their lime has beim 
washed out of them, and their carbonated and sulphuretted iron has been 
bydrated and peroxydized. The muddy slates formed the present deposits 
of small ore with white and red clay. The sandy limestones formed the 
present harder, siliceous, rock-ore belts. The geologist can procure, in the 
banks, specimens of every stage of this interesting process, from the pe^ 
feet limestones which refused to disintegrate, and the iron-lime-sandstone 
with the disintegration and recrystallization begun, to the perfect biO 
and pot ore of radiated, acicular, crystallized brown-hematite. The gresft 
variety in the composition of the original rocks has been the cause of a 
great diversity in the ores taken from the different openings. But two 
principal distinctions may be particularly noticed; viz: that the orei 
which have resulted from the decomposition of the slates are more dii* 
posed to the redskort side, whereas the ores which have resulted from Uie 
decomposition of the limestones are more or less coldshort; probably bo- 
cause of the sand in the limestones ; it is, in fact, called by the New York 
geologists the Calciferous sandrock. The slates, on the contrary, are apt 
to hold a small percentage of sulphur ; or perhaps we should say, are lev 
likely to permit the abundant drainage needful for carrying off the sul- 
phur in the form of a salt Sometimes in the same deposit there is a 
mixture of the two varieties, producing a neutral ore. But it is not 
often that such large exposures of both varieties occur in the asms 
neighborhood, as is the case here. 

'* Taking into view all that we know of these deposits along the southeait 
side of the Great Valley from the Hudson river to Tennessee and Alabama, 
and adding what we know of similar deposits, produced in a similar way, 
out of the exposed outcrop edges of the same rocks in the limestone val- 
leys further back toward the Allegheny Mountains (such as Kishicoquillis, 
Nittany, <kc.), and deposits, in the same geological positions in Lancaster 
and Chester counties, we can divide them with great certainty, as stated 
above, into two classes, the slate-crop banks, and the sand'Ume-erop bankif 
the former being always geologically underneath the latter." 

Mr. Lesley also describes the positions of the lignite beds, and refen 
them to the Tertiary age, as done by Lesquereux (though without men- 
tioning the paleontological evidence on this point afforded by the Mont 
Alto lignite). He then points out the fact that these beds of lignite and 
limonite indicate that, to a great extent, the surface-erosion of the Ap- 
palachian and Green Mountain regions antedates the Tertiary period of 
the lignite. He also refers for further evidence with regard to early era- 
ahn over these regions to the New Red Sandstone or Triassieo-Jurasiie 
of the Atlantic slope, as follows : — 
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"The New Red is seen in the section dipping northward against or 
toward a country, the surface of which is three hundred feet lower than 
its own. There is no evidence of a wide extension of New Red over that 
lower surface in the New Red age. On the contrary, not a hillock or 
gravel patch of New Red is to be found throughout the whole Paleozoic 
country to the north or west of this, its present absurdly constructed over- 
hanging and outdipping margin. How is this to be accounted for? 

** There must have been some barrier to the New Red waters between 
the Schuylkill and the Susquehanna, to correspond with the barrier which 
we see everywhere else between the Hudson and the James. Otherwise 
the New Red waters would have overflowed, hy at least three hundred 
feet, the Silurian valley in its rear, and penetrated to valleys still further 
back by means of the principal gaps in the Kittatinny mountains through 
which the Schuylkill, the Swatara, and the Susquehanna rivers flow. 
WJiat was this barrier? 

" I think none can be suggested but one composed of the originally 
muck more elevated surfojce of the Silurian valley itself. Carry up the 
whole mean level of the Paleozoic area — the valley beds up to the pres- 
ent height of the mountains, and the mountain crests to a proportionately 
greater altitude, the gaps to correspond with both, and the anticlinal and 
synclinal structure to determine the face of the surface at any given 
stage of the process, — and we have the required barrier to the estuary ^ 
of the New Red ; the explanation of its top Conglomerate ; a good reason 
why there are no New Red traces back of the South mountains ; and a 
closer date for the Lignite of Mont Alto." 

Referring to a plate illustrating the paper, he says, it *Ms noticeable, 
1. How vast an amount of Paleozoic rock-substance has been swept away ; 
and, yet, that amount represents only the waste of the four lower Paleo- 
zoic formations; superposed upon these at a still older date, eight others, 
including the Coal-measures, must have formed their surfaces ; suppos- 
ing no cataclysm. 2. How fine a chance was given for collecting toward 
the present surface the ferruginous elements of the slowly decomposing 
and cavernous-becoming limestone layers ; and 3. How the erosion must 
have acted, for some reason or other, more upon the Paleozoic surface 
outside, than upon the Paleozoic surface inside the limits of the New Red ; 
the reason probably being, simply this : that the latter was under the 
New Red waters, and was being covered up, while the other was being 
eroded ; but the erosion had not yet brought the valley surface down to 
the New Red water-level, when the uplift of the New Red took place. 
After which, the two erosions went on with different velocities propor- 
tional to the different solubilities, &c., of the Silurian limestone, and of 
the New Red sandstone, formations. 

As for the lignite, therefore, it must have been subsequent to the ero- 
sion of the New Red, that is, certaiujy not older than the Cretaceous lig- 
nites of the United States ; and when we consider the immense lapse of 
time needful for carrying the Silurian valley surface from a level with the 
tops of the New Red Hills, down to a level with their feet, we may well 
believe that the precise condition of the ore deposits as we see it, while 

it commenced before New Red times, was not perfected until the latest 

Am. Joub. Sol— Second Series, Vol. XL, No. 118.— July, 18d6. 
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Tertiary age, and, therefore, this last mast be the age of the lignite— 
apart from all consideration of fossils. 

8. Eruption of Etna, — A letter by Mr. Fouqu6 in "Les Moudea" of the 
6th of April, contains the following: At half past 10, on the evening 
of the 21st of January, there was a severe earthquake, and immediately 
after, the eruption commenced. It broke out on the northeast side of 
the mountain at a point about 1700 meters above the ' sea-level and 500 
meters from the foot of the old cone of Frumento. In two or three 
days the lava had flowed on 6 kilometers with a breadth of 3 to 4, and 
a variable thickness sometimes amounting to 10 or 20 meters. The cra- 
ters are seven in number. Four kinds of fumaroles exist there, ihedry^ 
on the incandescent lava; the acid^ where the temperature is above 400® 
C. ; the alkaline^ where the temperature is below this, but mostly above 
100° C. ; and the carbonic, in an old crater near by, where there is the 
ordinary temperature. There was a remarkable absence of sulphur and 
all its compounds, its odor being not perceptible over the lavas, and paper 
containing acetate of lead not being blackened by the fumes. The mu- 
riate of ammonia was detected in the acid fumaroles, and even in the 
dry, (although in these in but small quantity), as well as in the alkaline. 
The four lower craters detonated differently from the three others. The 
detonations of the latter were two or three per minute, and resembled 
thunder, those of the former were a continuous series, too rapid to he 
counted, comparable to the blows of a hammer on an anvil. — Les Mondn, 
April 6, 

4. Volcano of Kilauea, — As all information relating to Kilauea will 
be read with interest, we insert the following received from Mr. Cosd. 

"The submerging and uprising of the island in the boiling cauldron of 
the crater, is a rare and grand spectacle. The same phenomenon occn^ 
red in June last, with this difference, that the island disappeared entirely 
for several days, but was gradually restored by the spouting liquid lava. 

"I was at Kilauea on the 9th and 10th inst. There was much action 
in the great cauldron ^^Halemaumau." The lavas were boiling with vehe- 
mence, as if preparing for action. Besides this raging lake, I saw seven 
other fires at different point:) in the crater. One lake was boiling moet 
intensely, about a mile from the fountain-lake in a northwesterly direc- 
tion. The natives told mo that, a day or two previous to my arrival at 
Kilauea, a jagged cone, of the size of a church, and forming an elevated 
island near the center of the igneous lake, became so undermined by the 
intense boiling of the lavas along its apparent base, that it fell over, 
and was submerged in the fiery abyss ; but that, after a little time, it 
rose again, like a whale from the deep, and shook cataracts of molten 
minerals from its burning brow. In visiting a Pulu station on the high- 
lands, some fifteen miles from Kilauea, I passed many large pit and oone 
craters, most of them ancient and densely wooded, from 300 to 800 feet 
in height and depth. I spent a night near a beautiful pit-crater called 
Napau, nearly circular, about 300 feet deep, a mile, perhaps, in diame- 
ter, and with a bottom of sand, so smooth and hard that a regiment of 
cavalry might be reviewed there. One-eighth of a mile from this crater, 
fissures are opened in the earth, out of which scalding steam and smoke 
have issued from time immemorial, and affording heat enough to cook 
for an army." — Honolulu Commercial Advertiser, Dec. 10, 1864. 
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5. Addition to Prof. Skepard's Notes on the minerals of the Emery 
mine at Chester^ Mass.^ (see p. 13 2) ; by the Author. — I have just found 
the diaspore at Chester, in broad, nearly transparent white laminae, with 
a structure like that of kyanite, also of a most delicate violet color, deeper 
than that of Chemnitz. 

White massive corundum, in veins half an inch thick, occurs travers- 
ing the massive emery. The latter mineral at Chester is exceedingly 
uniform in composition, and may be regarded as an aluminate of protoxyd 
of iron, te^\. 

A vein of Indianite, many inches thick, is found near the tunnel on 
South mountain, running for many rods through the chloritic rock on the 
east side of the emery-vein (exterior to its gneissoid wall). This chloritic 
seam is "Called by the workmen ** the fringe-rock,'''' Small particles of 
crystalline corundum are diffused through the Indianite. 

Masonite (the variety near to ottrelite) is also abundant at many places 
in the emery-vein on the North mountain. Brookite rarely attends the 
diaspore and corundophilite. 

I would also add that emery occurs in fine grains widely diffused 
throughout the talcose rock which is the contiguous formation of the 
emery on its eastern side. Indeed I regard this as the parent rock of the 
emery, out of which it was deposited (when the strata were horizontal), 
just as the emery of the Grecian archipelago and Turkey was segregated 
in fine limestone. 
Amherst, Mass., Jane 23, 1865. 

6. Geological Map of Russia, — An excellent geological map of Russiit 
containing the most recent discoveries up to the date of publication was 
prepared by Mr. H. Helmersen and issued in 1863. It presents by colors 
the distribution of the formations over European Russia and the Urals, 
and the adjoining countries to and beyond the Aral sea of the east, Con- 
stantinople on the south, and Stockholm and Cracow on the west. The 
lettering upon it is wholly in Russian ; and as it may prove convenient 
to some persons ordering the map, we here give the English names of 
the formations corresponding to the several numbers: 1, Alluvium; 2 
and 3, Pliocene, 2, newer Caspian, 3, ancient Caspian ; 4, Miocene ; .6, 
Eocene; 6, Cretaceous ; 7, Jurassic; 8, Triassic; 9, Permian ; 10, .Qar- 
boniferous; 11, Devonian; 12, Silurian; 13, Metajiiorphic schists; J4, 
Granite and gneiss; 15, Eruptive rocks. The lines, unbrokenand dotted^ 
stand for railroads ; and the black dots for coal beds. Ti^e geology of 
the region between the Black Sea and Caspian is by the geologist, Abich, 
and has a separate numbering and coloring : a. Pliocene ; h^ Miocene ; 
c, Eocene ; rf, Cretaceous ; c, Jurassic and Triassic ; /, Carboniferous lime- 
stone and Devonian ; ^, Metamorphic schists ; ^, Granite and Protogine ; 
t, Eruptive rocks, not volcanic ; k, Volcanic rocks ; N, naphtha springs, 
Bolfataras, mud volcanoes. The map is accompanied .by a pamphlet de- 
ficriptive of the formations. 

7. On the Changes rendered necessary in the Geological Idap of South 
Africa^ by recent Discoveries of Fossils ; i)y Dr. R. N. Rubidge, (Proc. 

. Geol. Soc.) — Dr. Rubidge first called attention to a former paper, in which 
he pointed out the occurrence of horizontal beds of sandstone resting on the 
uptarned edges of gneiss, and continuous .with inclined sandstone of like 
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kind, interstratified witb gneiss. He therefore conjectured that the Clay- 
slate and Bokkeveldt schist, which Bain considered distinct, belonged to 
one formation, that they are of the same age as the gneiss, and that the 
^Carboniferous rocks" of the Eastern province were not separable from 
the clay-slate, which Mr. Bain had called primitive clay-slate. It follows 
from this that if the clay-slate proved Devonian, as Mr. Rubidge believed 
it would, the horizontal quartzite must be much newer, and probably 
an outlying mass of the Dicynodon rocks. He explained these phenom- 
ena by supposing that rocks of widely different ages had been metamor- 
phosed into masses having the same mineralogical characters. The dis- 
covery of certain fossils has lately verified the conjecture respecting the 
Devonian age of the clay-slates and Bokkeveldt rocks ; and Dr. Rubidge 
therefore infers that the rest of the old rocks are of the same age. Fi- 
nally, the discovery of a Calamite in the sandstone, not unlike some 
specimens belonging to the same genus found in the Dicynodon rocks, 
renders the probability of the truth of the second conjecture very great — 
Header^ May 20. 

8. Antkrakerpeton, a new Carboniferous Reptile, — Prof. Owkn has 
described a fossil reptile from the Coal-beds of Llantrissent in Glamor- 
ganshire, Wales. It comes from the lower part of the *^ Middle " if not 
the upper part of the "Lower" Coal-measures. The species is interme- 
diate in size between the Baphetes and Dendrerpeton ; the ribs are 
longer than in any known Labyrinthodont, and these and the limb -bones 
indicate that the animal belonged to " that low air-breathing type which, 
with developmental condition of the bones like those in some fishes, and 
very common in Devonian, showed forms of the skeleton more like those 
in Saurian reptiles, than in the modern air-breathing Batrachians."— 
Reader^ Jan. 7. 

9. Mineral wealth of Mexico, — ^Baron de Morner, a Swedish man of 
science, is reported to have found a bed of anthracite of excellent quality 
in the district of Guerrero, Mexico. Already a deposit of bitumen and 
of two beds of coal are under exploration in the district of Iturbide, be- 
sides a source of petroleum near Tenancingo, and a vein of cinnabar at 
Sultepec, Two Frenchmen, MM. Favre and Gabriel, are about to unde^ 
take the working of the iron ore of the district of Chaico, where rail- 
roads are being rapidly built. — Les Mondes^ March 23. 

10. Gneiss with the impression of an Equisetum, — ^The museum at 
Turin contains a fragment of gneiss from an erratic block, derived appar- 
ently from the Valteline, from the mass of crystalline rocks of that re- 
gion which underlie the Infraliassic group of Sismonda. Mr. Sismonda 
regards the fossil as proof of the metamorphic character of the funda- 
mental gneiss of the Alps, and as affording a fact bearing on the age of 
the vegetable impressions accompanying the anthracitiferous beds of the 
Western Alps. — Les Mondes^ March 23, p. 532. 

11. Kaiidne, — H. St. Claire Deville thus names bicarbonate of pot- 
ash, of ^e same composition with that of the arts, found native at 
Chypis in Valais. An analysis afforded carbonic acid 42*2, potash 46*6, 
carbonate of lime 2'S, carbonate of magnesia 1*34, sand and organie 
matters -S'^Q, water ^'76, corresponding to the formula KO,CO*+H0. 
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12. Geological Excursion, — Mr. Frank H. Bradley, a member of the 
Zoological and Paleontological Department of the Sheffield Scientific 
School, proposes to take charge of a few students, for the purpose of 
giving a practical introduction to geology, during a trip of about four 
weeks through the State of New Yoi k. 

He will meet his class at Burlington, Vt, on Monday, July 31st, and 
commence work on the following morning at Port Kent on the opposite 
side of the lake. 

The trip will include visits to some of the fine scenery for which New 
York is famous, as well as to characteristic and productive localities of 
nearly all the formations from the Potsdam sandstone to the Chemung 
group, for whose examination, within a small extent of country, the State 
affords the best opportunity in America, if not in the world. 

For some years past Mr. Bradley has been engaged in the study of 
the New York rocks and fossils, and has made quite extensive collections 
therefrom. We recommend him for the charge which he undertakes. 

Mr. B. informs us that the expenses while with him need not exceed 
one hundred dollars besides his fee of thirty dollars. 

Communications addressed to him at New Haven will be received as 
late as July 25 th. 

III. BOTANY AND ZOOLOGY. 

1. Thwaites^ Enumeratio Plantarum Zeylanice ; an Enumeration of 
Ceylon Plants^ etc.^ is now completed with the publication of part 5. It 
forms an octavo volume of 483 pages, and is the only separate work of 
any consequence upon the botany of Ceylon since the publication of the 
"Flora Zeylanica" of Linnaeus and the "Thesaurus Zeylanicus" of Bur- 
mann. In the preface, when referring to the changes which are occur- 
ring in the vegetation of the island, through man's direct or indirect 
agency, Mr. Thwaites records the following interesting fact. "The obtru- 
sive character, too, of a plant brought to the island, about forty years 
ago, is also helping to alter the character of the vegetation up to an ele- 
vation of 3000 feet The plant alluded to is the Lantana mixta^ Linn.» 
which appears to have found in Ceylon a soil and climate exactly suited 
to its growth ; for it now covers thousands of acres with its dense masses 
of foliage, taking complete possession of land where cultivation has been 
neglected or abandoned, preventing the growth of any other plants, and 
even destroying small trees, the tops of which its subscandent stems are 
able to reach. The fruit of this plant is so acceptable to frugivorous 
birds of all kinds, that through their instrumentality it is spreading rap- 
idly, to the complete exclusion, in spots where it becomes established, of 
the indigenous vegetation." Dr. Hooker has found time to render his 
invaluable aid in the identification of the species and synonymy, and in 
saperin tending the publication at London, Mr. Thwaites remaining at his 
post in Ceylon. a. g. 

2. Elora Capenm ; by Drs. Harvey and Sonder. — The third volume 
of this standard work, comprising the Monopetalous Orders from Ruhi* 
acecB to CampanulaceoB inclusive, was issued early in the present year, the 
preface bearing date, Feb. 24. Nearly five-sixths of the 630 pages of 
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this volume, are devoted to the order Compositce, which is elaborated by 
Prof. Harvey. Aster is here pretty largely represented, the genus being, 
as might be expected, brought back almost to its original limits by the 
suppression oi^t^eliciOy Agathoea^ Munychia^ and Bellidiastrum, as well 
as Tripolium, (There ought now, therefore, to be no question about the 
admissibility of the Polynesian Agdtea of the Violet Family, which has 
been thought to be in pronunciation too like Agatkce^a) The price of 
the volume has been raised from twelve to eighteen shillings, which is 
still very reasonable. A. e. 

8. Thesaurus Capensis, by Prof. Harvey, the excellent companion of 
the above Flora, has reached the two-hundredth plate, completing the 
second volume. The most interesting plant figured in the last fasciculus 
is Hydnora triceps, illustrated upon a double plate. a. o. 

4. Ammobroma Sonorce (literally, the Sand-food of Sonora) is the 
name of an extraordinary root*parasitic plant, of the region at the head 
of the Gulf of California, which Dr. Torrey has just described and figured 
in the 8th volume of the Annals of the Lyceum of Natural History, New 
York. It has been briefly noticed before (but never fully characteriased) 
as a new genus, allied to the rare Mexican Corallophyllum of Eunth 
(or Lennoa, Lexarza), and still more to the Californian and hardly bette^ 
known Fholisma of Nuttal. It hardly throws any new light upon the 
afiSnity of these strange plants, which, though justly thought to be rather 
Monotropaceous than Orobanchaceous, are still obscure. This plant, 
growing in a forlorn sandy desert, almost covered by the sand in which 
it lives, was found by its discoverer, the late Col. A. B. Gray, to form a 
considerable part of the sustenance of the Papigos Indians of the dis- 
trict, and is said to be very luscious when first gathered and cooked, re- 
sembling in taste the sweet potato, only far more delicate. A. o. 

5. Annates Botanices Systematical, tom. VL — With the fourth volume, 
Dr. Walpers having deceased, the editorship of this work passed into the 
hands of Dr. Carl Miiller of Berlin ; and fascicle 1 of the sixth volume, 
just issued, concludes the enumeration of the Phanerogamous species 
published from 1851 to 1855 inclusive, and carries down to the leUerO 
the alphabetical index of these three volumes. The remainder of the 
index will occupy fasc. 8 of this bulky volume, which began to be issued 
in 1861. The accumulation of species published within the last 10 yean 
(since 1855) is perhaps equally large; and, if treated in the same way, 
their enumeration may be completed in the year 1875. It is to be re- 
gretted that the compacter plan, adopted in the earlier volumes of the 
series, was not adhered to. A. 6. 

6. The Production of Organisms in closed vessels, — As appears from 
an abstract in the Header of May 20, a paper by George Child, M.D., 
in continuation of a former communication, was read before the Royal 
Society, April 27. Dr. Child*s experiments were similar to the earlier 
ones of Prof. Wyman, and reach the same results, viz. that Bacterians 
are produced " exactly under the circumstances in which M. Pasteur as- 
serts that they do not exist.^' And he accounts for the discrepancy thus. 
" M. Pasteur, in his memoir, speaks of examining his substances with a 
power of 350 diameters. Now my experience throughout has been, that 
it 18 impossible to recognize these minute objects, with any degree of <^ 
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taiuty, even with double that magnifying power. When once their ex- 
istence on a slide is shown with a power of 1500 to 1700 diameters, it is 
quite possible afterward to recognize the same object with a power of 
750," <kc. He continues : " I can now have no doubt of the fact that 
'bacterians' can be produced in hermetically sealed vessels, containing 
an infusion of organic matter, whether animal or vegetable, though sup- 
plied only with air passed through a red-hot tube, with all necessary pre- 
cautions for ensuring the thorough heating of every portion of it, and 
though the infusion itself be thoroughly boiled. * * * "It seems clear 
that either (1) the germs of Bacterium are capable of resisting the boiling 
temperature in a fluid, or (2) that they are spontaneously generated, or 
(3) that they are not * organisms' at all. I was myself.somewhat inclined 
to the latter belief concerning them at one time ; but some researches in 
which I am now engaged 'have gone far to convince me that they are 
really minute vegetable forms. The choice, therefore, seems to remain 
between the other two conclusions. Upon these I will not venture a 
positive opinion, but remark only, that if it be true that * germs' can re- 
ust the boiling temperature in fluid, then both parties in the controversy 
are working upon a false principle, and neither M. Pouchet nor M. Pas- 
teur is likely at present to solve the problem of spontaneous generation." 
The decided conclusion as to the organic character of these Bacteriums 
was reached through an examination of them by the -^ object-glass re- 
cently constructed by Messrs. Powell and Lealand. a. o. 

7. On the absorption and assimilation of carbonic acid by plants, — 
Mr. BoussiNGAULT has recently made some experiments on the absorp- 
tion and assimilation of carbonic acid by leaves exposed to sunlight. 
His results are thus summed up : 1. Leaves exposed to the sun in pure 
carbonic acid do not decompose this gas, or if they do, it is with exces- 
sive slowness. 2. Leaves exposed in a mixture of carbonic acid and 
atmospheric air rapidly decompose the former gas. Oxygen does not 
seem to interfere in the phenomenon. 3. Carbonic acid is rapidly de- 
composed by leaves when that gas is mixed with either hydrogen or 
nitrogen. The author has pointed out some analogies of these phenomena 
with the slow combustion of phosphorus under certain circumstances. 
Thus phosphorus placed in pure oxygen does not become luminous, and 
does not burn, or if it does, burns with excessive slowness. In a mixture 
of oxygen and atmospheric air, however, phosphorus burns rapidly ; it 
also burns when placed in oxygen mixed with hydrogen, nitrogen, or 
carbonic acid. Phosphorus, which does not bum in pure oxygen at an 
ordinary pressure, becomes combustible when the gas is rarefied ; and 
Mr. Boussingault found that, similarly, a leaf placed in rarefied pure car- 
bonic acid decomposed the gas and evolved oxygen. — Reader, May 27. 

8. Classification of Polyps ; by A. K Verrill. — The following sub- 
divisions of the class of Polyps have been proposed by Prof. Verrill, in 
the Proceedings of the Essex Institute, vol. iv, p. 145. 

Order I. Madreporaria. — Polyps simple or compound with embry- 
onic or rudimentary basal or abactinal region, which has no special func- 
tion unless for vegetative attachment while young. Actinal area well 
developed, form broadly expanded, having a tendency in the higher 
groups to become narrowed toward the mouth. Tentacles simple, coni- 
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cal. Dermal tissues, and usually the radiating lamelisc, depositing solid 
coral ; the radiating plates being between the lanaellsB, are, therefore^ 
ambulacra!, and appear to originate from the surfaces of the lamellsa and 
the connective tissues extending across the ambulacral chambers and 
filling them from below. Interambulacral spaces distinct. 

Sttborder I. Stauracea {Madreporaria rugosa *). — Coral simple, or compomid hj 
budding; chiefly epidermal and endothecal; septa apparently in multiples .of four, 
sometimes wantiug. Type embryonic, like a young Astrsea or Fungia. 

Jfamilies'^Stauridsdf Cyathopbyllidae, Cyathaxonidse, Cystipbyllidss. 

Suborder II. Fungacea. — Polyps either simple or compound by marginal or dkk 
budding, rarely by fissiparity. Tentacles numerous, in multiples of six, imperfeetly 
developed, scattered on the actinal surface, usually short and lobe-like. Upper part 
of polyps scarcely exsert. Coral broad and low, growth mostly centrifugal, tiens 
chiefly septal; walls imperfectly developed, often perforate, subordinate, ususllj 
forming the basal attachment. 

i^ami/t>«~Cyclolitid£e, Lophoseridse, Fungidse, Merulinidas. 

Suborder III. Astroiacea. — Polyps mostly compound, either by fissiparity or vt- 
nous modes of budding. Tentacles usually well developed, long, subcylindricil, 
limited in number, in multiples of six encircling the disk. Coral mural, septal nd 
endothecal ; growth vertical and centrifugal, producing turbinated forms trhich m 
often elongated. 

Families — Lithophyllidse, Masandrinidse, Eusmilidae, Caryophyllid^e, StjlinidiB^ 
Astrsein^e, Oculinidse, Stylophoridse. 

Suborder IV, Madreporacea {Madreporaria per/orata).-^Teutajclea in definite nam* 
bers, twelve or more, well developed, encircling the narrow disk, therefore nearer 
the mouth; polyps with the upper portion much exsert, flexile; growth chiefly nx- 
tical ; coral mural and septal, porous. Polyps compound by budding, sometiflMi 
sinople. 

^ami/teA—^Eupsammidae, Gemmiporidse, Poritidse, Madreporidse. 

Order II. Actinaria. — Polyps with well developed, often higbljr 
specialized, basal or abactinal region. Walls well developed, tentadei 
longer, more concentrated around the mouth, which is also, usually, if 
not always, furnished with special tentacular lobes or folds. Ambulacnl 
spaces always open, destitute of connecting tissues and solid deposits. 

Suborder L Zoan^Aaoea.-- Polyps encrusting, adherent, buddmg from mnnd «• 
panaions; tentacles simple, short, at edge of disk. 
Families — ZoanthidsB, Bergidse. 

Suborder II. Antipathacea. — Polyps connected by a coenenchyma, secreting a 
solid sclerobase or coral axis. Tentacles few, six to twenty-four, simple, conical 
Families — Antipathidse, Gerardidse. 

^ This group is placed here with considerable hesitation, and principally on M* 
count of the close resemblance in structure to the young of the succeeding and 
higher groups, when they first begin to form a coral, which then consists of a rung 
of epitheca or epidermal deposit with a few, imperfect, rugose septa radiating from 
the center. If the number four be a constant feature of the arrangement of their 
septa, it is possible that they may be entitled to rank as a separate order of Polyps. 
To this opinion Prof J. D. Dana inclines. Prof Agassiz unites the group with ny- 
droid Acalephs, on account of their resemblance, in some features, to the TabulattL 
It seems to me, however, that the absence of transverse plates in Cyathcacomdm 
and CyatiphyllidcB and the perfection of the vertical septa in Stauridce, Oyaihaxo' 
nidos and some of the Cyathophyllidce, together with their general structure, showi 
them to be more closely allied to the Fungacea and Astrauiceay of which they may 
be considered embryonic types, while at the same time the group is a synthetio 
ooe, having analogies with nearly all the higher groups of Polyps, and also, in 
respects, with Hydroids. 
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Suborder III. Adinacea, — Polyps free, capable of locomotion, with a highly spe- 
dalized, muscular base or abactinal area. Tentacles well organized, either simple 
or branclied, varying from len to many hundreds, often with accessory organs aris- 
ing from the same spheromeres, such as inner tentacles, verruca, complicated or 
limple branchial lobes, clnclidse, eye-spherules, suckers, etc. Mouth with special 
lobes or folds. Most of the species are simple, a few are compound by fissiparity, 
JDany abnormally bud from the wall near the base, a few secrete from the base a 
oom-like deposit similar to the axis of Antipathes. 

Families — Actinidse, Thalassianthidse, Minyidse, Ilyanthidse, Cerianthidse. 

Order III. Alcyonaria. — Polyps with well developed actinal, mu- 
ral, and abactioai regions, compound by budding. Tentacles eight, pin- 
nately lobed, long, encircling a narrow disk. No interambulacral spaces. 
Ambulacra! ones open and wide. 

Suborder I. Alcyonacea. — Polyps turbinate at base, budding in various ways, en- 
crusting, adherent to foreign bodies by the coenenchyma. 
Families — Alcyonidse, Xenidse, Cornularidfle, Tubiporidse. 

Suborder II. Gorgonacea. — Polyps cylindrical, short, connected by a coenenchy- 
ma, secreting a central supporting axis. 

Families — Gorgonidse, Plexauridse, Primnoidse, Gorginellidse, Isidse, Corallidse, 
BriaridA. 

Suborder III. PenncUulacea. — Polyps forming free, moving colonies, the compo- 
ate basal portion with locomotive functions and special cavities, with or without a 
lolkl free axis. 

families — Pennatulidse, Pavonaridse, Veretillidse, Renillidse. 

9. Embryology of the Star Fish ; by Alexander Agassiz. 70 pp. 
4to, with 8 lithographic plates, from vol. v, of Prof. Agassiz's Contribu- 
tions to the Natural History of the United States. — The microscopic re- 
Bearches here described, and very beautifully displayed on the eight 
plates, relate mainly to the Asteracantheon berylinus Ag., and A. pallidus. 
The author closes with the following important observations on the Radi' 
ai$ typCj and its relation to the apparent bilaterality in the larval Echino* 
derm. 

^ From what has been said, it is evident that the plan of radiation un- 
derlies this apparent bilaterality of the Brachiolaria, and of the Pluteus. 
The throwing of the whole of the stomach and the alimentary canal on 
one side, the complicated system of arms arranged with perfect symmetry 
on each side of the axis, passing through the mouth and the anus, does 
not change, though it partially conceals, the radiate plan. We have Ho- 
lothurians which always creep upon three of their ambulacra, where a 
dorsal and a ventral side, an anterior and a posterior region, are subordi- 
nate to the plan of radiation ; and the same takes place to a less extent 
in Spatangoids. Among Polyps even, which are, as it were, the simplest 
type of radiate animals, an anterior and posterior region are strikingly 
shown in the case of Arachnactis. The additional spheroraeres are all 
added at one extremity of the mouth-slit, and yet the Actinia is made up 
of radiating spheromeres. The earliest stages of the larvae of Echino- 
derma, before the apppearance of the water-tubes, remind us forcibly of 
the young Actinia soon after it has escaped from the egg, or of the first 
stages of growth of a Scyphistoma, after it has attached itself to the 
ground, previous to the formation, of tentacles. What constitutes the 
difference in the structural plan of these animals belonging to different 
classes, in their primary stages of growth ? They are all built according 
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to one and tbe same idea, so carried out as to be eminently echinoder 
xnoid in one instance, acalephian in another, and polypoidal in a thiid. 
In yonng Echinoderms, as in young Ctenophorse, we find nothing of the 
remarkable preponderance of certain parts which gives these young their 
bilateral appearance in more advanced conditions. Their radiate charao* 
ter is extremely prominent at first, but becomes gradually obflGured aii4 
bidden under the guise of this bilnterality, which is, after all, due only to 
the excessive development of certain spheromeres as compared with the 
others. 

** The case of these larvae is only an additional example of what wefiod 
so often in nature, that one plan of structure apparently prevails, wbilc^ 
in reality, it is only an external analogy, obtaining a great predominaiMi I 
in certain parts, but subservient to the primary plan, even though tke 
latter be perceive<l only on closer examination. This view solves a qod' 
tion which has hitherto perplexed all investigators of this subject, — ^rii: 
how it was possible that a larva, which has always been considered h 
bilateral, should produce a radiate animal by a process of internal gem- , 
mation. It is, indeed, a bilateral larva, but built upon a radiate plan; 
a larva recalling a lower class of this branch of the animal kingdom, n 
acalephian larva giving rise to an £cliinoderm, which, from ita veiy bs- 
ginning, is a radiate animal^ having all its spheromeres developed at tlit 
same time, and equally.^ 

*' These transformations are, however, peculiar to the class of Echino- 
derms ; they constitute neither a metamorphosis, nor a case of altemato j 
generation. The egg becomes the embryo larva ; nothing essential is loit 
during the process; no intermediate individual comes into the cycle. It 
is the yolk which becomes the larva, the latter being, in its turn, traai- 
formed into the young Echinoderm. This larva is, in short, an acale- 
phian larva, reminding us somewhat of the twin individuals of free Hy- 
droids, though adapted to the mode of development of the Echinodermir 
But, in the latter, we have no intermediate condition corresponding to the 
Polyp-like Hydroid in Acalephs, from which the Medusse or reprodoctifi 
individuals arise, and, in their turn, bring forth the Hydroid again, whidi 
completes the cycle by developing another set of Medusie. 

" If the views here taken of the plan of development of Echinoderm 
be correct, they introduce a new set of facts respecting their afBnitiei 
with the Polyps and Acalephs, which cannot fail to have an importsot 
bearing on the question of the separation of the Echinoderms as a dii> 
tinct type from the two latter groups. The Echinoderm plutean form, 
with its mouth, stomach, intestine, with the water-system originally form- 
ing a part of the digestive cavity, bears, as it seems to me, the same n- 
lation to the Ctenophorse which the Hydroid Polyps hold to the tme 
Polyps. The Ctenophorai may be considered, as it were, the prophetic 
type of the Echinoderms, as the Polyps are the prophetic type of Aca- 
lephs. We have in the Ctenophorse a digestive cavity, from which 
branches the water-system, and that peculiar funnel, opening outward, 
through which the fecal matters of the Ctenophorn are discharged, 
reminding us at once of the almost identical arrangement of an Echino- 
derm Piuteus, in the relations of the inttetine to the stomach. The pla- 

' For a closer comparison of young Ctenophom and Gcfaiooderm Larva, see the 
Illustrated Catalogue of the Muaexkm ol Com^sx«X\^« TiwAn|Q^'!BL^\V^D«w i&. 



Astronomy. 181 

n forms certaioly show tbat the plan, .upon which tHe Eehinoderms 
> built, does not differ from that upon which the Acalephs are built, 
i that we have between the Echinoderms and Acalephs the same con- 
UioD, based upon the identity of plan which exists betavee.n the Aca- 
►hs and Polyps. We cannot, therefore, admit that the views so fre- 
ently urged, and so universally admitted, in support of the separation 
the Acalephs and Polyps, as a distinct type (Ccelenterata), from the 
hinoderms, have any real foundation in nature ; and still less can we 
icur in them, when we remember that the main argument in their 
or rests upon the assumed total want of connection between the ambu- 
^ral system and the digestive system. Now this connection has been 
jwn, by Prof. Agassiz, to exist in the adult of many Echinoderms, 
lile the facts above stated prove that it also exists in the early stages of 
5 embryonic development, when, in fact, the water-system is formed 
m the digestive system. With this evidence falls the strongest argu- 
mt for the validity of & classification by which the type of Radiates 
m\d be broken up, and the Polyps and Acalephs separated from the 
hinoderms, as a distinct type, under the name of Coelenterata. We 
3, therefore, justified in affirming that the type of Radiates constitutes 
independent type of the animal kingdom, containing three equivalent 
sses, — Echinoderms, Acalephs, and Polyps." 

IV. ASTRONOMY. 

1. J^ote on the inclination of the planetary orbits to the invariable 
ine; by Prof. G. Hinrichs. — On page 138 of the preceding volume 
pears an editorial footnote stating that the numbers given by us for 
9 inclinations I of the planetary orbits toward the invariable plane 
re not quite exact'* As this remark might create doubt of the gene- 
closeness of the planetary orbits, the following additional develop- 
mts seem necessary. 

Let i be the inclination of the orbit, and V the inclination of the inva- 
ble pjane toward the ecliptic. As the values of i themselves are 
bject to quite considerable changes, we deemed it unnecessary to cal'- 
late the exact values of I, and made use of the equation 

^ subtracting the smaller from the greater angle. 
The remark of the editor has induced us to calculate the. exact values of 
in order to see how great an error is committed in neglecting the 
lierical excess A of the spherical triangle. From the fifth edition of 
idler's Astronomie Populaire (Berlin, 1861) we take the following 
tments : 



Mercury, 




46*» 23' SS^O 


7** 0'13''-3 


Venus, 




76 11 29 -8 


3 23 31 '4 


Mars, 




48 16 18 *0 


1 61 6-7 


Jupiter, 




98 48 37 '8 


1 18 42 -4 


Saturn, 




11.2 16 34 -2 


2 29 29 *9 


Uranus, 




73 8 47 -8 


46 29 -2 


Neptune, 




129 69 23 -1 


1 47 :9 


Invariable 


plm^, 


IQd i9 *0 


1 35 27 •9.(CotW0Q\ 
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These values give the following results (stated to the nearest minnte):^ 

I t'^t A 

Mercury, 6® 18' 6* 25' 63' 

Venus, 2 11 1 49 22 

Mars, 1 40 16 1' 24 

Jupiter, 18 16 2 

Saturn, 55 64 1 

Uranus, 12 49 13 

Neptune, 45 12 33 

We have also given the values according to the formula made use at 
in our article, page 138 — and the difference of the two first values wul 
give the spherical excess A neglected in that approximation. 

It will be seen that the deviation only in the case of Mars exceeds one 
degree, and in the case of Mercury is nearly one degree ; but these be- 
long to the smaller planets. Of the large planets there is only Neptune 
making a considerable deviation (33') from our former value; the very 
near coincidence between the orbit of Neptune and the invariable plane, 
pointed out by Mr. Trowbridge (vol. xxxviii, p. 355) does not now exist 
If Neptune is not in its maximum of inclination, then this circumstance 
would make it highly probable that there must be another planet be- 
yond Neptune (§ 5, 1). 

Thus it appears that our numbers for I given on page 139, thougli 
approximations only, and therefore not quite exact, still are sufiScientlj 
near the truth to warrant the deductions then drawn therefrom, exoept 
in the case of Neptune, which planet at present deviates about 50 min- 
utes from the invariable plane, and thus appears not to be the ultinui 
tkule of the planetary world. Iowa City, April, 1865. 

2. New Comet, — A large comet was visible in the southern heraispliere, 
in the months of January and February. It was seen at Rio Janeiro on 
the 24th of January. On the 26th, its'^tail was 26° in length. The fol- 
lowing elements were computed by Mr. Moesta from observations on ' 
Feb. 21st, 25th, and 29th. On the 20th, he observed a second veiy 
faint tail branching out to the north of the principal taiL 

Perihelion passage, 1865, Jan. 14*3367, i 

n = 3^ 33'-79 i = 92° 17''16 ] 

Q z= 255 46-27 log. 3^ = 8*4511 

* Obtained from the fomuilfle 

A-fB 



cos 



2 A-B 



Bin — = — = oos — - — cos*. 

2 cos 5 2 ^' 



. c 
sin — 

2 /. 
where • iao 9 = t-t-tl v e 



tao 9 = — yZr ^^"^•^"^^* 



.cos 



c 
cos — 
2 



sint = ^g '/sin A. sin B, 



cos 



2 

and c the .difference of the longitude of the nodes, and A and fi ihe<o(hcr twoifr 
gles of the triangle, t and 180 - %', or 180 - 1 and V, 
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Huggins on the Spectrum of the Nebula in Orion, — At the 
f the Royal Ast. Soc, March 10th, 1865, Mr. Huggins remarked 
3 recent examination of the Great Nebula in Orion shows that 
and wonderful object belongs to the class of gaseous bodies* 
from this nebula resolves itself under the refractive power of the 
) the same three bright lines. With a narrow slit they appear 
ly thin and well defined. The intervals between them are dark, 
e light from no part of this nebula was any indication detected 
nuous spectrum, such as is characteristic of incandescent solid or 
itter. Difierent portions of this great nebulous mass were 
uccessively upon the slit, but the results of minute examination 
lat the whole nebula emits light which indicates a constitution 
:hroughout the body. The light from one part differs from that 
r in intensity alone. 

ur bright stars of the trapezium and other stars distributed over 
a gave a continuous spectrum, 
ing to Lord Rosse and Prof. Bond, the brighter parts near the 

consist of clustering stars. If this be the true appearance of 
a under great telescopic power, then these discrete points of 
t indicate separate and probably denser portions of the gas, and 
(vhole nebula is to be regarded rather as a system of gaseous 
in as an unbroken vaporous mass. 

ihe usually received opinion of the enormous distances of the 
as no longer any foundation to rest upon, in respect of the 
hich give a gaseous spectrum, it is much to be desired that 
ition should be sought for in such of them as are suitable for 
ose. 

gaseous matter of these objects represented the ' nebulous 
!; of which, according to the hypothesis of Sir Wm. Herschel, 
to be elaborated, we should expect a spectrum in which the 

bright lines were as numerous as the dark lines due to absorp- 
1 in the spectra of the stars. 

three bright lines be supposed to indicate matter in its most 
orms, still we should expect to find in some of the nebulse, or ift 
ts of them, indications by a more complex spectrum, of an ad- 
the formation of the separate elementary bodies which exist in 
ind in the stars. 

^ressive formation of some kind is, however, suggested by the 
in many of the nebulae of a nucleus, the spectrum of which in- 
at it is not pure gas, but contains solid or liquid matter. 
, therefore, be, that nebulae which have little indication of re- 
f^, and yet give a continuous spectrum, such as the Great Nebula 
meda-y are not clusters of suns, but gaseous nebulae which, by 
lal loss of heat, or the influence of other forces, have become 
with more condensed and opaque portions, 
as my observations extend at present, they suggest the opinion 
lebulse which give a gaseous spectrum are systems possessing a 
, and a relation to the universe, altogether distinct from the great 
cosmical bodies to which our Sun and the fixed stars belong.** 
he. Notices. 
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4. On the Meteorite (tf Mamhoumy Bengal ; by Mr. HAiDnraxR. — 
This meteorite fell 130 miies nortbea<t of Calcutta, on the 22d of De- 
cember, 1863, at 9 A. M., during a calm. The detonations which accom- 
panied the fall were heard to a distance of 30 miles; and some hoan 
afterward a large fragment was collected at Corsipore, a second smaller 
at Pandra, and others, as large as a nut, near Govindpur. The paste or 
base of the stone is ash-gray and is distinctly brecciform in atructure^ 
without rounded granules. Monosulphuret of iron is abundant in it, 
though only in minute particles ; grains of metallic iron are less name^ 
ous. The specific gravity is 3*424. — Ber. Wien, Akad^^ Sept. 21, 1864 

5. New AeteroidU — Another small planet was discovered April 26th 
by de Gasparis at Naples. It was equal in brightness to a star of the 
10th magnitude. 

V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 

1. Experiments on the production of cylinder e of ice by pressttre 
through orijices ; by Mr. Fresca, (Proc Acad. Sci., Paris, for Feb. 21).— 
These experiments were made by acting on ice contained in a cylinder 
0*16 meter (about 6 inches) in diameter, with the requisite preasureto 
drive it through a central orifice in its base ()*05 m. (nearly two inches) 
in diameter. These plates, prepared by TyndalPs method, in some casei 
colored at the joints and in others not, acted like plates of lead or of po^ 
celain paste, as before explained by the author to the Academy. Tfae 
surfaces of the planes of division or joints, originally flat, are transformed 
by the process, as with other substances, into tubes concentric and pe^ 
fectly distinct from one another, thus indicating the movement of ^udi 
point of the mass in the course of the transformation. The cylinders of 
ice are longitudinally furrowed, and the furrows appeared to proceed from 
fractures produced at the moment when a portion of the cylindrical blook 
leaves the orifice, and when, as a consequence, it ceases to be subjected 
to pressure at the outer extremity. The porcelain paste afforded the 
author delicate furrows or fractures of a similar kind, and in some caaei 
the material was divided into small separate lamellae. The evenly-bedded 
structure of the cylinder of ice shows that the origin of these fractures ii 
subsequent to the firet formation of the cylinder. 

For a block of the dimensions employed in the experiments the pres- 
sure required for the flow of the ice is 10,000 kilograms, while for lead 
it is 50,000 kilograms. These pressures correspond, for the square ceoti- 
meter, to 126 and 637 kilograms. This pressure of 126 kilograms co^ 
responds to a cohimn of water 1300 meters in height. It is evident that 
if the orifice were smaller in proportion to the diameter of the mass un- 
der pressure, the force requisite would be notably less. 

Mr. Fresca observes that the circumstances attending the formation 
of these jets of ice appear to throw light on the controverted ques- 
tion as to the movement of glaciers. The relative displacement of the 
layers of ice in the process, the change of form in the faces originally flat, 
the curved form of the beds at the extremity of each partial tube, Uie 
large cavities formed toward these extremities, and even the fissures or 
fractures at the moment of escape from the pressure, are so many points 
of resemblance to the phenomena of glaciers. There is not the mass of 
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naterial constituting moraines, but the traces of coloring matter which 
ire deposited in parallel threads, and which are reunited toward the axis, 
»mp1ete to a degree the analogy. 

Tjndall had before shown that ice could be moulded to any shape bj 
pressure in a mould. Mr. Fresca observes that his trials prove, in addi- 
tion, that it may by pushed into a thread, in accordance with the geomet- 
rical law of this kind of flow. The facts help to bring the explanations 
of Tyndall and Forbes into accord, since they indicate that the viscosity, 
more or less great, of the material does not necessarily play any import- 
ant part in the phenomenon. They exhibit the material conditions of 
the flow : and the transparency of the jet, after its escape from the orifice, 
shows, besides, that, under a comparatively feeble pressure, ice may be 
changed in form without ceasing to be glassy in texture or aspect. — Lee 
Mondes^ Feb. 2&. 

2. Observations on Sepulture in the Age of Stone, between Castries 
and BaillargueSy France; by P. Gervais. — A natural excavation, several 
yards in length, has been discovered in the Commune of Baiilargues, 
which had been used for the burial of a number of human l>odies of the 
Age of Stone. The bones were those of adults, and several were of quite 
an advanced age, as shown by the teeth. One of them indicated a man of 
high stature ; the femur was 0*465 meter long. A cranium presented to 
the Academy of Sciences by Mr. Gervais was of the type of the white 
race, it having a brachycephalus head without a trace of prognathism, 
and a well-developed forehead. It appeared to have belonged to a female, 
and not one of advanced years. Flint implements found with the remains 
are regarded as fixing the age to which the people here interred belong. 
There are also in the graves numerous disks of carbonate of lime having 
a hole at center, and some calcareous objects of other forms, a few frag- 
ments of coarse pottery, bits of charcoal, and bones of some modern spe- 
cies of animals, as of the fox, hare, sheep, vertebrae of snakes, and femurs 
of frogs. 

Mr. Gervais concludes from his observations, that, in the remote period 
referred to, the country of Castries and much of southern France were 
inhabited by the race here indicated. — Les MondeSy Feb, 23. 

3. Lake- habitations. — Mr. Messikomer, of Zurich, has again suc- 
ceeded in making some highly interesting discoveries and observations 
by his continued excavations in the large turf-bed near Robenhausen. It 
is true that these latest discoveries do not give the key to the chronolog- 
ical enigma of the Pale buildings and their inhabitants ; but they spread 
a clearer light on the manner of living in that remote period, as well as 
its condition of civilization. Hitherto it was believed that only two of 
these old settlements existed on this curious spot, one above the other ; 
these recent observations make it plain that there are three, one on the 
top of the other. The two oldest settlements have been destroyed by 
fire, and furnish a great number of antiquarian objects. The third set- 
tlement, however, the pales of which do not consist of round wood, but 
split oak, had not been destroyed by fire, but had been abandoned in the 
course of time; it is poor in remnants of interest. All three settlements 
which must have existed for a great number of years, belong to the Stone 
period. Among the astonishing quantity of objects of industry recently 
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excavated by Mr. Messikomer, only tools of stone, bone and wood ba?« 
been found, many for uses unknown, but not the slightest trace of broBxe 
or iron. The distinct separation and length of duration of the pre-hi»- 
torical periods of the so-called Stone period and Bronze period have no- 
where been roore clearly demonstrated than in the Pale buildings of 
Switzerland, much clearer and more precise even than in those of Den- 
mark and Mecklenberg. No settlements of the oldest men, among those 
known till now, can, in fact, be compared in size and preservation with { 
the large lake-villages of the Stone period at Robenhausen, Wauwyl and | 
Wangen, on Lake Constance. — Atkenceuniy May 27. 

4. On ike Human Remaina of ike Trou du Frontal ; by P. J. Vai 
Bbneden and Dr. E. Dupont. — Remains of fourteen individuals have 
been found at the cave, called (from the discovery of ^ cranium) Troa 
de Frontal. Of the two best crania, one is orthognathous, the olh«r 
prognathous; and still the prognathous one has the largest cavity. 
The various other bones include fragments of crania and of nearly eveiy 
other portion of the skeleton, part of them the remains of children, and 
others of youths and adults. All lie in complete disorder, as if they bad 
been disturbed by some catastrophe subsequent to their first burial ; and 
wiih them are bones of various mammals of kinds now living, besides 
different species of Helix, Cyclostoma and Unio, fiint implements, orna- 
ments, amulets, coarse pottery, a crystal of fluor spar, a bone needle, eta 

5. Instrument for measuring distances, — Dr. Emsmann, in a paper m 
Poggendorff's Annalen, describes a new instrument for measuring dis- 
tances, which differs from all previous arrangements by being independ- 
ent of the measurement of angles, or of a base line. It consists simply 
in an application of the well-known principle that the image of an ob- 
ject is brought to a focus by a convex lens at a distance from the leu 
varying according to the remoteness of the object. The arrangement 
described by Dr. Emsraann consists of an object-glass of 30", i^nd an 
eye-piece of 1" focal length, a screen of ground glass, upon which tb« 
image is received, being placed behind the eye-piece. The instrument, 
it will be seen, resembles in principle a photographic camera ; the length, 
however, is about 6^ feet. In order to keep the indications within ce^ 
tain limits, the screen is placed behind the eye-piece, and the distance 
between the lenses is so arranged that a variation in the distance of S6 
paces, at all ranges, requires at least a movement of one line in the 
screen. Trustworthy readings may be obtained up to 2000 paces. Dr. 
Emsmann suggests that the instrument will be found useful in coast bat- 
teries, for measuring the distance of a vessel out at sea. In siege opera- 
tions, the time generally admits of the measurement of a base line, the 
distance of the enemy's works being calculated by trigonometry. Should 
there be no practical difficulties in the way, it might probably replace 
with advantage the stadiometer, which depends on the principle of sim- 
ilar triangles, supplied by the War-office to volunteer corps for ose in 
judging distance drill. — Reader^ May 13. 

6. On a Journey from Chimhorazo to Bogota across the Central Andes; 
by Mr. Robert Cross, (Proc. Royal Geogr. Soc, April 24.) — This was a 
narrative of a journey performed by the writer whilst employed by the 
India-office in collecting seeds of the Pitayo cinchona-tree for planting 



Miscellaneous Intelligence. 137 

in India. This valaable species of ciQchona appeared to be now reduced 
to a few specimens growing near Popayan, from which the writer suc- 
ceeded in obtaining a good supply of seeds. His journey from the 
Pitayo forests to the valley of the Magdelena was over the high and 
bleaK plateau of Guanacas, where his mules had a narrow escape from 
perishing of cold, and where he saw the road strewed with skeletons of 
men and animals. 

General Mosquera, Minister of the United States of Columbia to Great 
Britain, at the invitation of the President, addressed a few remarks to 
the meeting in English, in which he described the efforts which the 
government of his native country were making to open a road across 
the Cordillera. . . . This was one out of many enterprises which were 
now being pushed forward with a view to increase the commerce between 
New Granada and Great Britain in the abundant produce of that part of 
Tropical America. 

Mr. Evan Hopkins, C.E,, who had been employed by General Mosquera 
to survey various parts of New Granada, confirmed the statements of 
Mr. Oliphant with regard to the geography of the Isthmus. As to the 
vast region which Mr. Cross had given them an account of, the difficul- 
ties of traveling described by him were due to the want of proper pre- 
cautions. He had himself crossed all the ranges of the Cordillera five 
times, without suffering any great privation, and a more magnificent 
region for beauty and fertility of soil he had never seen. 

Mr. Gerstenberg reviewed the capabilities of the various routes which 
had been proposed for a ship canal, and gave his reasons for preferring 
that which had been first suggested by Humboldt, namely, between the 
Golf of St. Miguel and Caledonia Bay, which was the only line that 
presented the indispensable requirement of good harbors at each end. 

Mr. Oliphant differed from Mr, Gerstenberg in supposing that a good 
harbor at each end was of more importance than a depression in the 
intervening ridge. Mr. Crawford and Dr. Hodgkin also took part in the 
discussion, and the President, in summing up, said the question of cross- 
ing the Isthmus of Panama had been productive, in years past, of fre- 
quent and lively discussions in the Society ; but he agrees with Mr. Oli- 
phant, that it would be a disgrace to British geographers if they did not 
complete the examination of this region. — Reader^ May 6. 

7. Walker Prizes^ Boston Society of Natural JHistory, — The follow- 
ing prizes were founded by the late Dr. William J. Walker, for the best 
memoirs, in the English language, on subjects proposed by a committee 
appointed by the Council of the Boston Society of Natural History. The 
first and second are to be awarded annually ; the third, once in five years, 
beginning with 1870. 

First — For the best memoir presented, a prize of sixty dollars may be 
awarded. If, however, the memoir be one of marked merit, the amount 
awarded may be increased to one hundred dollars, at the discretion of 
the committee. « 

Second — For the next best memoir, a prize not exceeding fifty dollars 
mw be awarded at the discretion of the committee. 

Neither of the above prizes shall be awarded unless the memoirs pre* 
sented shall be deemed of adequate merit. 

Am. Joub. 8ol— Second SaBiBS, Vol. XL, No. 118.— July, l?fi5, 
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Third — Grand Hoborary Prize. The Council of the Society miy 
award the sum of five hundred dollars for such scientific investigation or 
discovery in natural history as they may think deserving thereof; pro- 
vided such investigation or discovery shall have first been made known 
and published in the United States of America; and shall have been at 
the time of said award made known and published at least one year. 
If in consequence of the extraordinary merit of any such iuvestigatioii 
or discovery, the Council of the Society should see fit, they may award 
therefor the sum of one thousand dollars. 

The following subjects for prizes under the Walker fund have beea 
announced by the Society. 

Subject of the Annual Prize for 1865-6. "Adduce and discuss the 
evidences of the co-existence of man and extinct animals, with the view 
of determining the limits of his antiquity." 

Subject for 1866-7. "The fertilization of plants by the agency of 
insects, in reference both to cases where this agency is absolutely necei- 
sary, and where it is only accessory ;" the invebtigations to be in p^efe^ 
ence directed to indigenous plants. 

Memoirs offered in competition for the above prizes must be forwarded 
on or before April first, prepaid and addressed ^^ Boston Society ofNatth 
ral History^ for the Committee on the Walker Prizes^ Boston^ ManP 

Each memoir must be accompanied by a sealed envelope enclosing the 
author's name, and superscribed by a motto corresponding to one borne 
by the manuscript. 

Boston, May, 1865. 

8. Tunnel of Mount Cenis, — Of the total length of the Mt. Ceirii 
tunnel, 12,220 meters, 7,977 remain to be made. Having been begun 
in 1858, and with new methods and energy in 1863, 4423*4 meters were 
finished on the first of April, 1865; of which, 1646 meters were accom- 
plished by the old methods of tunnelling and 2777*4 by the new m^ 
chanical methods since the commencement of 1863 — 802 meters ia 
1868, 1088 in 1864, and 337*4 in the first three months of 1865. The 
rate of progress in 1862 was 2*02 meters per day, in 1864, 2*92 meters, 
and thus far in 1865, 3*75. At the last rate it will take five years and 
eight months to complete the tunnel. — Les Mondes^ May 18. 

9. Centennial Celebration of the Royal Saxon Mining Academy a< ■] 
Freiberg, — Baron von Beust and Professors Reich, Breithanpt, Cotta, 
Scheerer, and others have issued an announcement in the Berg- und Hut' 
tenmdnnisches Zeitung, that the Centennial celebration of the Freibeig 
Mining Academy will take place on the 30th of July, 1866. It is ex* 
pected that many of the former students of the Academy will be present 
at this festival ; and it is especially requested that every one interested 
should do as much as possible to acquaint others with the appointed day, 
and, further, everyone is solicited to bring his photograph, so that it 
may be placed in a book to be kept in the Mining- Academy as a souvenir 
of the occasion. 

10. The Agassiz Expedition to South America, — The expedition of 
Prof. Agassiz arrived safely at Rio de Janeiro on the 22d of April. The ; 
Emperor sent a boat along side of the Colorado to take the party oo 
shore; and in the evening had a long interview with Mr. Agassiz. The 
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ecretaiy of the Treasury of Brazil gave orders to have the baggage :aii(i 
istniments of the party passed unopened at the -Custom House, and 
rery courtesy was extended to the members of the expedition by .the 
fficials of the Brazilian government. — Boston Transcript^ June 9. 

11. Report on the mortality in Paris ; by M. Peville. — As far as we 
an judge from historical documents, the annua) mortality in Paris at 
le commencement of the last century was 1 in 28 ; 50 years later, 1 ifl 
0; in 1836, 1 in 36. The year 1840 was exceptional^ and the ratio was 
. in 33 ; in 1841 it was again 1 in 36. In 1846, 5 years later, .the ratio 
?as 1 in 37 ; in 1851, 1 in 38 ; in 1856, 1 in 3j9, These numbers apply 
old Paris. 

In 1860, the time of the annexation, the population was increased by 
iie accession of an area less favorable for health than the interior of Paris. 
Btill, the proportion of deaths in 1861^ out of 1,696,141 inhabitants, 
was 1 in 39. In 1862 and 1863 the diminution in the ratio of deaths 
continued, it amounting in both years to 1 in 40, the number of deaths 
being, in 1862, 42,113. 

The Commission attribute tbe improvement of the public health to 
the great works carried forward in the capital — that is, the opening of 
srenues, and the improvements in the supply of water, in drainage, in the 
supervision of the ** Commission des logements insalubres," the organize- 
ion of hospitals ; and also to the general prosperity of the working 
ilasses, who take better care of themselves, dress more warmly, and eat 
nore wholesome and abundant food. — Les Mondes, Feb, 23. 

12. Dr, H. Falconer. — It has been determined to place a marble bust 
»f Dr. Falconer in one of the London scientific Societies, and to establisli 
L Falconer Scholarship, or Fellowship, in Natural Science in the Univer- 
iity of Edinburgh. Upwards of £1000 have already been subscribed.— 
Mackie's Repert.^ May \st, 

13. Ink. — The Paris Soci6t6 d'Encouragement pour ^Industrie Na- 
lionale has offered a prize of three thousand dollars for an ink that will 
Bot corrode steel pens. — A then, 

14. Production of the Sexes. — The views of Mr. Thury, published ii^ 
volume xxxix of this Journal (p. 84) have recently beon controverted by 
^r. Coste, in a memoir read 041 May 8th before the Aeadeqiy of Sciences 
at Paris. The author bases his cojoclusions o;i an extensive series of ex- 
periments and observation^. 

15. British Association. — The thirty-J5fth meeting of the British As- 
sociation will be opened on Wednesday, the .6th of September, 1865, at 
Birmingham. Prof. John Phillips is President for the year, Willia^l 
Hopkins and Francis Galton^ Vice Presidents, George Griffith, General 
Secretary. 

16. Academy of Sciences^ Paris. — In May last. Otto Struve was elected 
a corresponding member of the Astronomical Section of the Academy, in 
the place of CarJini, and P)antnmour of G^^neva in t,he place of Willianm 
Strove; and in the Botanical section, Alexander Jiraun w^s elected a 
corresponding member. 

17. Voyage of the Novara. — The second part of volume II of the 
ioology of the Voyage of the Novara, has been published by the Vienna 
Academy of Scicuices. Jt .treiits of ,t,he Xic^idopteva, and is the work qf 
desurs. Cajetan, and B, FeJder. 
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OBITUABT. 

Valenciennes. — Mr. Valenciennes, the distinguished zoologist, died 
at Paris on the 12th of April last. He was horn in that city on the 9t]i 
of April, 1794. Mr. Decaisne announced his death to the Academv of 
Science in the following words : Mr. Valenciennes was the friend and 
fellow-worker of the most illustrious naturalist of the age, George Govier. 
He was for half a century the friend and confidant of Alexander von 
Humboldt. Such friendships will ever honor the memory of our regret- 
ted confrere. — Les MondeSy May 4. 

Pierre Gratiolet, the eloquent professor of zoology of the Faculty of 
Sciences, Paris, distinguished also as a spiritualist writer, died suddenlj 
on the 21st of February last. 

Leon Dufour, one of the most prominent of French zoologistB, tod 
especially eminent in entomology, long an associate of Cuvier, Latreille^ 
etc., died on the 18th of April, in his eighty-sixth year. 

Admiral Fitzroy, the able and learned commander of the Explorioff 
Expedition of the Beagle, (that of which Darwin was the naturalist,) 
hydrographical surveyor in various regions, and author of extended me- 
teorological researches, died early in May last, in his 60th year, haviog 
been born on the 6th of July, 1806. 

A. Gressly, a prominent Swiss geologist, died receftly at Solenn^ 
in Switzerland. 

Sir J. Richardson, the distinguished naturalist and Arctic voyager, 
died on the 6th of June last. 

Sir Joseph Paxton, the architect of the Crystal Palace of 1851, edi- 
tor of the " Magazine of Botany," between 1 840 and 1852, and author 
of a Botanical Dictionary and other works, died on the 8th of June, it 
his residence. Rock Hill, Sydenham, in his sixty-first year. 

Kupffer, the meteorologist, and Director of the Central Observatory 
of Russia, at St. Petersburg, has recently died. 

VI. MISCELLANEOUS BIBLIOGRAPHY. 

1. A Treatise on Astronomy ; by Eli as Loomis, LL.D,, Professor of 
Nat. Phil, and Astron. in Yale College. Harper & Brothers, New York, 
1865. 8vo, pp. 338. — This treatise is especially designed as a college 
text-book. This primary object has directed the selection of the topio, 
and the extent of the development of each. The articles and section! 
are also arranged to meet the wants of the class room. The mathemat- 
ical discussions imply a knowledge of the elements of mathematics in- 
cluding Spherical Trigonometry and Conic Sections. The subject ii 
rendered more attractive to students by allotting more than usual space to 
various pbysical phenomena, as, the constitution of the sun^ the tides, the 
constitution of the comets, &q. At the end of the volume are fifteen 
tables, and eight plates. The tables give the elements of the planeti, 
asteroids, satellites, periodical comets and binary stars, the heights and 
diameters of the lunar mountains, the parallaxes of fixed stars, &c. 

Prof. Loomis's Treatise on Practical Astronomy has been deservedly 
esteemed, and his experience of the peculiar wants of college classes affordi 
assurance that this treatise will be equally worthy of favor. 
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2. JSntomological Society of Philadelphia, — The Entomological So- 
ciety of Philadelphia during the three years past has issued three vol- 
imes, containing in all 1650 pages and 20 plates, many of the plates 
Deautifully colored. Since the commencement of the present year two 
thick numbers of Proceedings have already appeared : No. 1, for January 
and February, containing 212 pages and one plate, No. 2, for March and 
April, containing 120 pages and one plate. These nearly complete the 
itn volume of the publications of this Society. 

These numbers contain the following memoirs : 

Pige 1, Hymenopteraof Cuba; E. T. Cresson.-^p. 201, On certain Diurnal Lepidop- 
ttra of N. Ameiica; Wm. ff. Edwards, (with a plate). — p. 204, Variation of sexes io 
ArgyoDia Diana; U. W, Bates.— ^t. 207, On Synonoray of Parathyris Angelica; A. R, 
Orote.'~'p, 208, On new species of Chrysopa; H. iShimer.—Yage 213, Description 
of three new Canadian Nocturnal Lepidoptera; C. J. S. Bethune. — p. 216, On some 
American Pierina! ; T. Reakirt. — p. 222, On new species of Citheronia, and on Ari- 
BOta rubieunda; A. R. Grote and C, S. Robinswi. — p. 224, New North American 
LiiDnobina ; R, Osten Saeken. — p. 242, Catalogue of Hymenoptera from Colorado 
Territory, in the Society's collection ; E. T. Cresson.—p. 313, New species of Cuban 
Lepidoptera; O, A. Blake, — p. 815, Descriptions of North American Lepidoptera, 
Ko.6; A,R, Grote, 

Along with the last number of the Proceedings we have received a 
copy of a Circular, signed by the Publication Committee, E. T, Cresson, 
J. Cassia and A. E. Grote, annnouncing that the Society had been 
greatly indebted for its means of publishing to the generosity of Dr. 
Thomas B. Wilson, who had given $5,000 as a fund for this purpose, be- 
sides additional aid at various times, and $5,000, also, for the general 
maintenance of the Society ; and that, on account of Dr. Wilson's sud- 
den death without having carried out his expressed intention to place the 
Society upon a permanent foundation with a large publication fund, it 
was now greatly crippled in its means. The circular states, that, ",To 
insure the permanence of the Society, and the continuance of its publi- 
cations, an income of $3,000 is judged to be required, representing a 
funded capital of $50,000," and that $40,000 are therefore needed and 
asked for from the friends of science in the land. No scientific Society 
or Academy in the United States has been doing, of late, more, or better 
work for science than the Entomological Society ; and the failure of its 
means, which has come upon it so suddenly, is a calamity to the country 
as well as to the general interests of science. This call merits a ready 
response. The Society, as it states, cannot offer any equivalent advan- 
tages for donations to the fund. They propose, however, to make those 
who come to their aid at this juncture, and give at least $100, Honorary 
Members ; while those who give $500 or more will be entitled also to 
the Publications of the Society during life. The public may aid the So- 
ciety by subscriptions to its publications, which are furnished at the small 
subscription price of three dollars a volume. 

3. Whitney^s Report on the Geological Survey of California, — The 
publication of the text of the first volume of this Report, containing the 
paleontology by F. B. Meek and W. M. Gabb, was noticed in the last 
volume of this Journal (p. 99). The engraving of the plates has since 
been completed, and they are now ready to bo issued. They are thirty- 
two in number, in large 8vo, and are crowded with figures of California 
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fossils, from the Carboniferous, Triassic, Jurassic, Cretaceous, and Tertiaiy 
formations. They are engraved from drawings by Mr. Meek and Mr. 
Gabb — which is a sufficient pledge of accuracy. These handsome platei 
annexed to the text make one of the most elegant, as well as most valu- 
able, volumes tbat has yet been published on any department of Ameri- 
can geology. The plates of the Jurassic include figures of tlie spedei 
that were obtained from the metamorphic gold rocks of the Sierra Nevada. 

4. A Preliminary Report on the Geology of New Brunswick^ together 
ioith a special Report on the " Quebec Group" in the Province; by Hbnbt 
YouLE Hind, M. A., F.R.G.S., &c. 294 pp. 8vo. Fredericton, New Bruna- 
wick, 1865. — This Report is made partly from the author's observationi, 
and largely from other sources. It takes up in succession the geograph- 
ical features of the Province; the general geological structure ; the Gran- 
itic series of rocks ; the Carboniferous series ; the Devonian ; the Upper 
and Middle Silurian ; the Quebec Group ; and the Drift, Terraces, Beachei 
and Valley-erosion. The Albertite question is discussed, and with the 
conclusion that it is an " inspissated or altered petroleum " injected from 
below (from the Devonian) into fissures situated along anticlinal axes. 

6. Comparative Geography, by Carl Ritter, late Professor of Greog- 
raphy in the University of Berlin. Translated for the use of Schools and 
Colleges, by Wm. L. Gage. 220 pp. 12mo. Philadelphia, 1866. J.R 
Lippincott <fe Co. — Tiiis work is a translation of one of the series of lec- 
tures by the great geographer Ritter, whose writings it is almost 8ape^ 
fluous to commend. It is a condensed and philosophical review of the 
geographical features of our globe, presented without encumbering de- 
tails, in a simple yet animated style ; and is full of instruction both for 
the student and the general reader. 

6. Annual Report of the American Institute of the City of New York^ 
for the years 1863, '64. Albany, 1864. — Discussions, opinions and info^ 
mation on a great variety of topics, of practical interest, connected with 
agriculture and the useful arts, are presented in this volume, together with 
the address of Gen. Wm. H. Anthon and the anniversary address of C.P. 
Daly, LL.D. 

7. Baird's Review of American Birds, — Sheets 10 to 20, covering 
pages 146 to 320 inclusive, of Baird's *' Review of American Birds," have 
been icsued. They treat of the Motacillidoe^ SylvicolidcBy (the latter un- 
der the four subfamilies Sylvicolince, Geothlypince, Icteriance and Setopho' 
£firHx)y and the Hirundinidoe. 

8. Naturalises Directory ; by F. W. Putnam. Published by the 
Essex Institute. — Part I. of the Naturalist's Directory, noticed in our last 
number, has been issued. It extends to 32 pages, 12mo, and includes , 
the names of the naturalists of North America and the West Indies. 

9. Chambei-s^s Encyclopedia, — The seventh volume of this excellent 
Encyclopedia has been issued, carrying the work nearly through with the 
letter P. 

10. Report of the Commissioner of Agriculture for the year 1862. 
632 pp. 8vo, with many plates. — Among the many interesting papers in 
this volume, there is one on Petroleum, or Coal Oil, by J. P. Lesley; 
others on the Wheat Plant, Cotton, Tobacco culture, Imphee and Sorghum 
culture, Sheep 4ittfibandry and breeding, Marbles of Rutland, Vt, etc 
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Report on the Formation of the Canterbury Plains {New Zealand^ 
Geological Sketch-map and five Geological sections^ by Julius 
Ph.S., F.G.S., etc., Provincial Geologist. 64 pp. small fol., with 
id map aDd sections. — Canterbury Province adjoins Banks's Pe- 
, on tbe west side of the middle island of !New Zealand. The 
' contains a description of the old glacial deposits, moraines, lacus- 
sds, raised beaches, and alluvium of the Province. 
American Journal of Conchology, — Part 3 of the first volume of 
arterly, the number for July, contains papers by Messrs. Bland, 
ly, Gabb, Conrad, Tryon, Newcomb and Whitfield. The Paleon- 
il are three on Eocene shells, two of them by T. A. Conrad, and one 
^ Whitfield. The number is illustrated by seven beautiful plates, 
f which are colored. 

Lcal Technology, or Chemistry in itR Applications to the Arts and Manu- 

; by Thomas Richardson, M.A., Ph.D., etc. 

^is, a Quarterly Journal of Ornithology, edited by Alfbeo Newton, M.A., 

^Z.S. New Series, 1865. 

ibre Plants of India, Africa, and our Colonies : A Treatise on Rheea, Plan- 

e Apple, Jute, African and China Grass, and New Zealand Flax (Phormium 

1 865. London : Macintosh. 

lux Fossiles et Geologic de I'Attique. The 11th part of this work, by Al- 
UDRY, has appeared. 

Celeste, contenant plus de 100,000 ^toiles et nebuleuses, par Ch. Dijcn.— 
y complete Atlas consists of 26 maps. The projection employed corresponds 
evelopment of a sphere of 65 centimeters in diameter, 
le Oil-property of the Philadelphia and California Petroleum Company, 

in Santa Barbara and Los Angeles Counties, California; by B. Silliman. 
$vo. 1865. — The analyses at page 841 of the preceding volume of this 
, are contained in this ReporL 

geological and Natural HiJvj Repertory ; an illustrated popular weekly 
le of Geology, Paleontology, Mineralogy, Natural History, Terrestrial and 
i1 Physics and Journal of Pre-historic Ardieology and Ethnology ; edited by 
KCKiE, F.G.S., etc. — First number, 28 pp. 8vo, of this weekly Journal was 
>n May 1st. Price 2d. Kent <& Co.; Triibner <& Co.; Edw. Stanford 
sur les Tremblements de Terra en 1861, avec Supplements pour les ann^et 
irs, par M. Alexis Perret, 112 pp. Svo ; also the same for 1862, 180 pp. Svo ; 
e Memoirs of the Dijon Academy for 1863, and 1864. These Reports post 
y thing published relating to earthquakes during the years mentioned, 
fdungec von fossilen Pflanzen aus dem Keuper frauhens, von Dr. J. L. von 
LEiN, mit eriautemdem Texte von Dr. August Sohenok, Prof, zu Wiirzburg : 
Tafeln Abbildungen. Preis 6 Thlr. 20 Ngr. Subscriptions to this work are 
i by the publisher, C. W. Kreidel, Weisbaden. 

s actions of the Amer. Phil. Soc, Philadelphia, Vol. XIII, New Series, 
— p. 1, On California Mosses ; L. Lesquereux. — p. 25, On the mathematical 
lity of accidental lingubtic resemblances ; P. E. Oha8e,^-'p. 86, Comparative 
)gy of the Yoruba language; P* E. Chase, — p. 57, Thoughts on the influ- 

ether in the Solar System; A, Wilcocks. — p. 105, New Mosses (A List of 
sses in the United States, east of the Mississippi, with descriptions of two 
3cies); T. P. James. — p. 117, On the numerical relations of gravity and mag« 
, P. E. Chase. 

EEDiNos Acad. Nat. Sol Philadelphia. No. 5. Nov. and Dec, 1864. — p. 
nopsis of the E. American Sharks ; T. Gill. — p. 265, Notes on the CoBrebi- 
ds); e/l Cassin. — p. 276, Partial Catalogue of the cold-blooded Vertebrates 
ligan ; E. D. Cope. — p. 285, Six new W. Asiatic Unionidee; /. Lea. — p. 286, 
rom S. America; /. Casnn. — Reports of Secretary, Librarian, Curators, Ac. 
rding to these reports the Library has received 1201 works; the Museum- 
specimens in all departments of Zoology — the herbarium of Prof. Short of 
Ae, Ey., cotktaining 6000 species of American jilants, and between 8000 and 
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4000 European species, 12 thick quarto volumes of AlgSB from the lata Samoel 
ABhmead, and 700 species of marine and freshwater Algie, which bad been oon- 
tributed by Leo Lesquereux to the Central Sanitary Fair. Robert Beiogu wm 
elected in December, President for the ensuing year, Wm. S. Vaux and J. Camiv 
Vice Presidents, T. Stewardson, M.D., Corresponding Secretary, B. H. Rano, MJ), 
Recording Secretary, I. D. Sergeant, Librarian.— 1866. No. 1, January, Febroaiy 
and MarclL — Page 2, Notes on some new and rapacious birds; J, CoMtw.— p. 6, On 
a new Cormorant from the Farallone Is., California ; J. G, Cooper, — p. T, On a- 
treme and exceptional variations of Diatoms, in some White Mountain localHiei, 
etc.; F. W. Lewis.'-^p. 19, Synonymy of the species of Streptomatidee, a family of 
fluviatile Mollusca, inhabiting N«)rth America, part 4; G. IF". 2Vyon, •/r.— p. 81, 
Descriptions of new species of Birds of the Families Paridffi, YireonidaBy Tyraniiids 
and Trochilidje, with a note on Myiarchus Pannmensis; G. N. Latorence. — p.40, 
Resolutions on the death of Dr. T. B. Wilson. — p. 41, Notice of some New Typos of 
Organic Remains, from the Coal measures of Illinois ; F. B. Meek and A. H, Wvriha^ 

Proceedings of the Amkr. Acad, or Arts and Soi., vol. vi.—- P. 347, SjnopM 
of North American Oaurineaj; J. T. Rothrock, — p. 864, Tides in Lake Huron; 
J. D. Graham. — p. 356, On Right Ascension of the Pole Star ; J. Winlock, UJSJf, 
—p. 360, On Jewish Calendars; C. Fickering.-^iy. 361, Researches on Volatilo 
Hydrocarbons ; C. M. Warren.^^^. 363, Revision of the Doctrine of ConditioDil 
Sentences in Greek and Latin ; Goodwin. 

Proceedings of the Boston Soc. of Nat. Hist., vol. ix.— Page 319, Diatoms 
from Randolph, Mass. ; C. Stodder.-^ip. 321, On Selandria Cerasi ; A. WineheU.'- 
p. 32S, Fertilization of Cypripedium spectabile and Platanthera psychodes; 8,/, 
Smith.—p. 329, On two Albino girls ; B. J. Jeffries.^p. 332, On Mode of Wthia 
the Opossum; J. G.Shute. — p. 333, Arctic plants on Mt. Monadnock, C.Pickering; 
On Amphioxus; A. 8. Bichnore. — p. 334, Development of Skates; J. TF^mon.— 
p. 335, Notice of Record Book of the Linnean Society ; A. A, Chuld. — p. 842, On 
Tubularia; JI. J. Clark, (see this Journal [2], xxxvii, 61).— p. 842, A supposed nev 
species of Samia ; S. I. Smith. — p. 345, Two Ichneumons parasitic on Samia 0(^ 
lumbia; A. S. Packard, Jr. — p. 346, On Amphioxus, Chas. Pickering ; Action o( 
sunlight on window-glnss ; Thos. Gajleld.-^p. 350, protection against canker-worm; 
Ordway. — p. 352, Skeleton of a Hottentot ; ATTywan.— p. 807, Ancient pottsiy 
from India; D. C. Sctidder and W. B. Cap^i. — p. 368, New variety of Fam; 
H, Bryant, M.D. — p. 369, Galeoscoptes Cabanis; H. Bryant, 

Proceed. California Acad. Nat. Sci., Vol. Ill, Part 2, 1864. — p. 101, Descrip' 
tions of New California Plants — No. 1 ; A. Gray. — p. 103, New species of Flshei, 
Sandwich Island — No. II; A. Garrett (of Honolulu). — p. 108, New Califonn 
Fishes— No. Ill, with cuts; J. G. Cooper. — p. 115, Descriptions of nine species of 
Helix of California; W. Newcomh. — p. 120, New Virgularia of California; W.M, 
Gabb. — p. 120, Notice of plants found growing in hot springs in California ; iT. H, 
Bretoer. — p. 121, New species of Pedicularia; W. Netocomb. — p. 123, On Califonii 
Lepidoptera — No. IV; II. Behr. — p. 127, Earthquakes in California during 186t; 
J. B. Traak.—p. 130, Earthquakes from 1800 to 1864; J. B. 7Vo«A:.— p. 158, Cte- 
taceous fossils from Sonora; W. M. Gabb.-^p. \bb^ New shells from thecoutof 
California — Part I; P. P. Carpenter, — p. 160, California Satyrides; H. Behr,r~^ 
166, Remains of Horse and Elephant in a deposit near San Francisco; W.P.Blnh, 
—p. 167, Ammonites or Ceratites from Oregon Bar, Middle fork of the Americin 
river; \V. P. Blake. — Brushite, a new mineral; G. E. Moore. — p. 170, 172, Fosstb 
from the auriferous slate of the Mariposa estate ; W. P. Blake, and W, If. OaU, 
— p. 173, Fossils from the Quicksilver region, San Luis Obispo; W. M, GabL—f* ' 
174, Crystallization of Brushite ; J. D. Dana. — p. 175, New California marine dielb; 
P. P, Carpenter (of Warrington, England). 

Proceedings of the Essex Institute. — Page 145, Classification of Polyps; A,E, 
Verrill, — p. 153, Habits and distribution of the Duck Hawk in the breeding sessoM 
and description of the egi^; J. A. Allen. 

Verhandlungen der Kaiserlichen Leop.-Gar. deutschen Akademie der Natwrfof' 
scher (or Acad. Cais. Loop. Car. Germ. Natural Curiosorum). Vol. xxxi. Dresden, 
1864. — Contains a paper on the Meteorology and Climatology of Central Anuria 
by Moritz Wagner (31 pp., 4to) ; also an elaborate memoir bv Dr. A. Baur on ^ 
Synapta digitata (120 pp., 4to) illustrated by several plates; besides other papen. 
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Art. XV. — Friedrich Oeorg Wilhelm Struve* 

iiEDRiCH Georg Wilhelm Struve was born at Altona, 
le Duchy of Holstein, April 15, 1793 ; his father, Jacob 
ve, for forty years filled with great distinction the director- 
of the High School in that city, and was widely known 
lis classical and mathematical acquirements. His mother 
the daughter of Pastor Stinde, who went to Eussia as chap- 
to Peter III ; it was this circumstance which subsequently 
bo the settlement of many of the Struve family in Kussia ; 
. then the Struves had from time immemorial lived as re- 
table yeomen in the Duchy of Holstein. Thus our old 
honored associate was descended from the original stock of 
^LUglo-Saxon race ; a descent which many of us remember 
QCtly expressed itself both in the personal appearance and 
e moral qualities of the man. Struve was nappily trained 
is father into no precocity in his early childhood, but in due 
, when removed to the High School, ne made such advance- 
i in his studies as at the age of fifteen to be qualified for 
ince at the University. In those days of trouble the young 
mt had but little prospect of continuing his studies undis- 
3d. A constant sense of the oppression of the foreigner 
the dread of the French conscription decided his parents, in 
i, to send young Wilhelm to Eussia, at that time probably 
quietest country in the world, and where his elder brother 
occupied the post of Classical Lecturer in the University of 
)at. This university, so soon to be illuminated by the ex- 

From Monthly Notices of the Royal Astronomical Society, Feb. 10, 1865. 
JouB. Sci.— Second Sbbies, Vol. XL, No. 119.— Sept., 1865. 
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ample and fame of Wilhelm Struve, had been recently founded 
by Alexander I, immediately after his accession to the throne, 
and was intended by him not only to be the intellectual center 
of the German Provinces of Eussia, but to serve as a civilizing 
link between Europe and Bussia proper. Here Wilhelm Strave^ 
in accordance with his father's wishes, applied himself exdu* 
sively to classical subjects, and it was in this branch of learning 
that the young student earned his first literary laurels, by an 
academical exercise "De systemate metrico apud Alexandrinoe;" 
this essay was honored by a prize, and by being printed at the 
University expense. It was by this wise and fortunate arrange- 
ment of his studies that Wilhelm Struve acquired the power rf 
fluently and accurately expressing himself in the Latin language, 
thereby enabling him, at a subsequent period, to communicate 
the results of his researches to men of science living in other 
parts of Europe, where Struve's native tongue, the German, was 
at that time but little understood. These early literary pursuits 
also contributed, in no slight degree, to secure that balance and 
breadth of mind for which our lamented associate was after- 
ward so remarkable. 

In 1811 Struve took his first university degree in Philology, 
and it was only after having thus fulfilled his father's desire that 
he passed to that branch of science which henceforth became 
the principal object of his life. No doubt, while he was a stu- 
dent at Dorpat, the able scientific lectures of the elder Parrot 
excited a warm interest in his mind ; but it was rather an inner 
call than any external circumstance which led Struve at length 
to devote himself to astronomy. Parrot's influence was not 
confined to the mental stimulus thus afforded to his young phi- 
losophic pupil, but by the representations which he made to the 
University authorities relative to young Struve's promise of 
future eminence, and his present straightened pecuniary re- 
sources, he obtained for him the means of still longer prosecut-- 
ing his studies at Dorpat. It was partly in this way that Struve 
from the early age of fifteen ceased to be a burden upon the 
scanty fortune of his father ; but the boy's own exertions and 
self-denial contributed greatly to the same end. It was brought 
about in this way. Shortly after Wilhelm Struve had entelred 
the University, he applied for and obtained the post of private 
tutor in the family of Mr. de Berg, a wealthy nobleman of Liv- 
land, and his first pupil there was the Count de Berg, the pres- 
ent Viceroy of Poland. By this arrangement the young student 
was necessarily debarred from a regular attendance on the lec- 
tures of the place ; but this untoward necessity served, as was 
natural with one of Struve's mind, only still further to quicken 
his zeal to make the best of such advantages as remained to him, 
and to animate his self-reliance. 
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811, while thus engaged, partly in attendance on the fam- 
the De Bergs, and partly in the prosecution of his own 

at Dorpat, Struve passed on to the class of Astronomy, 
rofessor at that day was Huth, a man for whose worth 
linent attainments our old associate ever retained an af- 
ate and respectful memory. Huth's health was too infirm 
oit him to assist his pupil to any great extent, and hence 
Struve was, by a happy fatality, or in truer words by 
cipline of Providence, once more thrown upon self-reli- 
nci the resources of his own efforts. The Professor him- 
is scarcely ever able to visit the Observatory, but he per- 

his pupil to make what use of it he could. This Ob- 
►ry was at that time but scantily supplied with instru- 
and even those for the most part were not in a condition 
lal use. Among these instruments was a Transit by our 
jrman Dolland, and the excellence of the object-glass 
3d the special notice of the embryo astronomer. The pil- 
this instrument were, it is true, erected, but upon them 
ras no provision existing for the attachment of the Y's 
le other subsidiary apparatus, while the body of the in- 
nt itself had never been removed from the case in which 

been packed. For the mounting of this instrument 
Struve could obtain no adequate assistance in the city of 
i, but was thrown entirely on the workmanship of his 
ands, and the guidance of his own inexperienced judg- 

Nevertheless, the work was done, and well done ; and 
: days Struve would often recur to the fortunate difficul- 
der which his earliest efforts were made. We must not 
that Struve at this time was only in his nineteenth year. 
y in the autumn of 1813 Struve took his degree of Coctor 
osophy, and on that occasion wrote his first memoir on an 
>mical subject, namely, De geographica Speculce Dorpatensis 
ne. In this paper, among other matters, he gave the first 
ination of the longitude of that Observatory, deduced from 
,tions observed by himself during the preceding year. In 
iber, 1813, a few weeks afler this thesis, he was appointed 
•dinary Professor of Mathematics and Astronomy, and 
ars later, upon the death of Huth, he was advanced to 
iinary professorship. In this capacity his duty was not 
attend to the Observatory, but to lecture also on As- 
ly and the higher branches of Mathematics ; each subject 
ibt suffering from this combination of duties, notwith- 
ig the efforts of the Professor to prevent it. In 1822, 
er, the two oflftces were happily separated, and Struve was 
Drth enabled to devote his zeal and his abilities exclusively 
proper work of an Observatory. 
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Having thus arrived at that point in our venerated associ- 
ate's career when he was appointed the chief of an Observatory, 
soon to be rendered by his labors famous to all time, we may 
for a few moments not improperly revert to the circumstances 
which years before, indicated the bent of his mind, and, in t 
certain degree, shaped the after-course of his life. In August^ 
1811, young Wilhelm Struve, while yet a student, and with ex- 
tremely slender means at his disposal, verified the orbital mo- 
tion of the two components of Castor, predicted hj the eldw 
Herschel in his immortal memoir of 1803, and which by this 
time was completed to the extent of thirty degrees. This first 
success had a decided influence in directing Struve's mind to the 
abundant harvest which he foresaw might be reaped from i 
zealous devotion to Sidereal Astronomy. Nearly at the same 
time, while spending the summer at Sagnitz, in the house of hig 
friend, Mr. de Berg, Struve's attention was drawn to Geodesy; 
and the early success which here again attended his first at- 
tempts, laid the foundation for that other gigantic work upou 
which, together with his labors in sidereal astronomy, rest the 
fame and the scientific services of this great observer. Although 
provided with the feeblest conceivable instrumental means, he 
made excursions in the neighborhood of his friend's house, in 
order to see if it were possible to make a triangulation of that 
part of Livland. While practising himself in the use of the 
sextant, for that purpose, a singular accident befell him, and for 
some time put a stop to his geodetical studies. The French 
army at this time was invading the Eussian frontier, and against 
it a Russian oorps had been despatched to Livland in order to 
prevent the French army from penetrating through the Baltic 
provinces to St. Petersburg. Some officers of this corps seeing 
young Struve engaged with an instrument and a note-bool^ 
mistook him for a French spy, and, notwithstanding his protes- 
tations, marched him off, for full a hundred miles, as a prisoner 
to head quarters, and there, not without some difficulty, he was 
liberated by the commander-in-chief, on the express understand- 
ing that as long as the war continued he would not again, by 
similar pursuits, expose himself to suspicion. Three years afti 
this occurrence, Struve, at the invitation of the Economical 
Society of Livland, undertook to make a triangulation and map 
of the entire province^ and this work he accomplished with 
great ability, although he had no instrumental means at his dis- 
posal beyond an excellent 10-inch sextant, by Troughton. This 
work, thus commenced with a comparatively insufficient instnx- 
^ ment, forms the starting-poiiat and the nucleus of that noble 
survey of the Russian empire, which fotr nearly half a century 
occupied the thovights and the abilities of our lamented as- 
sociatQ, 
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From 1813 to 1889 Struve continued at his post at the Ob- 
servatory of Dorpat. As we have already seen, the means at 
his disposal were wholly inadequate to the most modest require- 
ments of an iistronomer. It was not long, however, before the 
SQOcess of his labors attracted the attention of the Russian gov- 
^nment, and through the benevolent intercession of Prince Lie- 
ven, then Chancellor of the University, and as an acknowledg- 
ment of the services of the professor, the Observatory was fur- 
nished with such instruments and pecuniary means as soon 
laised it to the rank of a first-rate establishment. Thus, in 1821, 
the Meridian Circle was obtained from Reichenbach and Ertel, 
aiKl in 1824, Fraunhofer's famous 9-inch Refractor was added, 
at once the masterpiece of that great artist, and the commence- 
ment of a new era in the history and employment of the tele- 
scope. 

Struve at first worked alone in the Observatory thus munifi- 
cently furnished ; occasionally, indeed, he was assisted by a few 
volunteers from among his pupils, and notably so by Knorre^ 
who subsequently and for forty years, was the well-known di- 
rector of the observatorv of Nicolaiff ; but it was not until the 
year 1826 that he obtained, in the person of M. Preuss, a per- 
manent observer, who by applying himself with much ability to 
the meridian circle, enabled Struve to devote his attention to 
the observation of double stars with the great refractor. 

In taking even a cursory survey of Struve's labors at Dorpat 
with this noble instrument, it becomes necessary to .revert, in 
some degree, to the state of sidereal astronomy before he com- 
menced his work. In 1803, Sir William Herschel had announced 
the binary nature of several of the double stars ; nevertheless, 
partly from the extreme novelty of the views set forth by that 
great philosopher, partly from the deficiency of the optical means 
then existing, and . partly from the great difiiculty of manipula- 
ting the micrometrical measurements, the subject remained in 
abeyance and almost untouched during the succeeding fifteen or 
sixteen years. In 1816, Sir John Herschel did, however, com- 
mence at Slough a review of his father's double stars, but owing 
to some of the difficulties already alluded to, he made but incon- 
siderable progress. Some of these measurements so taken are 
recorded in the joint communications made by Sir John Herschel 
and his colleague. Sir James South, to the Royal Society in 1824 : 
among others will be found a remarkable measurement of Castor^ 
when the two component stars happened to be on the same 
parallel. We have already adverted to the then young Struve's 
measurement of the same remarkable star, and to the effect which 
it had on the direction of his energies : this, however, was but a 
single and isolated result, and it was not until some years later, 
namely, in 1819, that the record of measured angles of position 



150 Friedrich Georg Wilhelm Strove, 

and distance began to be at all consecutive at Dorpat, though 
differences of right ascension and declination had been pretty 
copiously observed. In 1820 appeared Struve's first Catalogua 
of 727 double stars, arranged in the order of their right ascen- 
sion, together with their corresponding declinations. This Gata^ 
logue was expressly intended to facilitate the observation of these 
objects, either with meridian or with equatorially-mounted in- 
struments, and effectually revived the subject as one of general 
astronomical interest. 

Nevertheless, praiseworthy and valuable as were these new 
attempts, it was not until the erection of the great Fraunhofer 
Eefractor in 1824, at Dorpat, that Mr. Struve became possessed 
of an instrument worthy of the subject, and competent, not only 
to afford facility and precision in respect of measurement, but to 
add largely to the list of known double stars. 

The result of the first two years of his observations with this 
famous telescope was that most remarkable work, (htalogus natm 
generalis Stellarum duplicium et muUiplicium^ which appeared in 
1827, and will for ever be considered as forming a memorable 
epoch in Sidereal Astronomy. Nor is this great work remarka- 
ble alone for its copious and valuable lists of 3112 double or 
multiple stars duly arranged in their order of right ascension, 
and 2343 of which had not been previously described by any 
astronomer, but still more so for a great physical fact whicn 
it announced for the first time. In this catalogue it is shown 
that the .closer classes of double stars, namely, those whoee 
mutual distance is less than 4" exceed out of all proportion, not 
only what might be expected from a calculation of chances on 
the hypothesis of casual or optical juxtaposition, but even in 
point of numerical majority, those of either of the other classes. 
The existence of such a fact affords, in the opinion of those 
competent to form it, a convincing proof of a real physical con- 
nexion, and (independently of any question as to orbital motion) 
places these juxtaposed objects before us, neither as casualties oi 
situation as seen from the earth, nor as mere exceptions to a more 
general rule of isolation, nor as mere curiosities of the sidereal 
heavens, but as entering largely into the general plan and con- 
stitution of the universe. Later observations, carried on both 
by Mr. Struve himself and by others, with even larger instm- 
ments than the great Dorpat refractor, have confirmed this most 
notable result, and have shown that it is but an ordinary circum- 
stance to find stars previously regarded as single, to be in reality 
composed of two very close individuals. It will enhance our 
respect for the memory of our lamented associate, and enable 
us to form some idea of the labor and devotion required for the 
formation of this catalogue, to remark that in the preface to the 
Petersburg Catalogue it is stated to have been the result of the 
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ixaminatioa of 120,000 stars, and that it was one individual who 
secuted this examination with his own eyes and hands. 

The formation of this Catalogue was, after all, the commence- 
ment only of a work of far greater labor in this department of as- 
tronomy. Struve's next undertaking was the determination of 
the angles of position, distances, magnitudes, and colors of all the 
objects therein enumerated, together with their exact right ascen- 
aon and declinations, each resulting from several nights' obser- 
vation. The results of this immense undertaking he published 
in the year 1837 in a magnificent work entitled, Stellarum com- 
pmtarum mensurm micronietricoBj followed, in 1852, by another 
work, bearing the title, Stellarum fixarum, imprimis duplicium et 
muUipliciumj Posiiiones medice, with their proper motions com- 
puted when practical from earlier observations. 

Another branch of what, with some propriety, may be called 
the Physique du Oiel sideral, to which Struve directed much of 
iis attention, was the determination of the law of density in the 
distribution of the stars with respect to the plane of the Milky 
Wbj. His researches on this subject were not indeed published 
antil after he had removed from Dorpat, as we shall speedily 
see, but it is here, perhaps, that we can with greatest convenience 
refer to the fact. The great work which contains the result of 
his labors, is entitled Etudes d^Astronomie Stellaire, published in 
the year 1847. By a series of calculations, founded on the num- 
ter and distribution of stars of sufficient lustre to admit of being 
individually catalogued, as well as by the star-gauges of Sir W. 
Hcrschel subjected to a careful and systematic analysis, he has 
in this work clearly shown that in the northern hemisphere at 
least, (northern, that is, when referred to the bisection of the 
heavens by the Milky Way) the distribution of the stars exhibits 
a distinct and unequivocal relation to their angular distance from 
the plane of that sidereal ecliptic. Nor is this view wanting in 
confirmation. In the same year that Struve published his re- 
searches on this great problem. Sir John Herschel gave also the 
results of his own investigations of the southern hemisphere, and 
the numerical expression obtained by him for the gradation of 
stellar density is singularly coincident with that resulting from 
Struve's investigations of the northern heavens. As the two 
i^ults were obtained from observations made with telescopes 
strictly comparable, and were each arrived at independently and 
without the knowledge of the other, it seems that this great 
physical generalization may be regarded as perfectly established. 
Such are some of the great results which form the high re- 
"vrards of Struve's loyalty to his duties at Dorpat. The year 
1833 brought a great change in his life. In the autumn of that 
year the Emperor Nicholas resolved to erect a great central 
observatory for the empire of Eussia ; it is honorable to the 



162 Friednch Georg Willielm Stnlve, i 

Czar's memory to record that the suggestion was wholly spon- 
taneous, and we feel no surprise that our associate was a mo0t 
influential member of the commission entrusted with the ezeea- 
tion of the Emperor's noble design. The prosecution of this 
work occupied much of Struve's attention, and necessarily com- 
pelled frequent and long visits to the capital, until the spring of 
1889, when the building having been completed, Struve took up 
his permanent residence at Pulkowa as director in chief of the 
Central Observatory of Eussia. 

The creation of an Observatory to be, from its commencement^ 
established for well-defined and specific purposes, distinctly set 
forth in a formal document ; and without restriction in cost, to 
be furnished with instruments constructed by the ablest artista 
who were at the same time encouraged to new eflforts, the observ- 
atory and its ample staff being, at the same time, munificently - 
endowed with pecuniary means and all other requisite applian- 
ces, is a circumstance unique in the history of science. Nor 
could this magnificent plan have been successfully executed, had 
not the man been at hand qualified by nature and experience to 
organize and direct so difficult an undertaking. It is unneceB- 
sary here to describe at any length the Observatory of Pulkowa^ 
but it would be wrong not to refer to the judicious plan of ob- 
servation which Struve proposed to follow, so as best to realize 
the generous intentions of its imperial founder. Fully aware of ! 
the incomparable value of the Greenwich lunar and planetary 
observations, and of its traditions in other respects, Struve dele^ 
mined, from the first, to adopt a course wholly different from 
that followed at our National Observatory. Hence, observations 
of the moon and planets were to be made on exceptional occa- 
sions only, the main strength and eflforts of the Observatory 
being directed to the astronomy and physics of the sidereal 
heavens. It was proposed, also, not to publish an annual volume j 
of observations, but, after having organized systems of specific 
research, often of necessity extending through several years, to 
give the results to the world only when each project was com- 
pleted, and then with the name of the particular observer 
attached. How well this plan has been executed the records 
and scientific memoirs which have proceeded from Pulkowa 
sufficiently attest. And, lastly, it will not be without its inter- 
est to record that, in 1844:, when Struve published his elaborate 
description of Pulkowa, there were no less than 103 persons, in- 
cluding the children, domiciled within the precincts of the 
Observatory. This numerous family comprised seven astrono- 
mers, several savans connected with the geodesy of the empire, 
a secretary, an engineer-in-chief, a cabinet-maker, with ten arti- 
sans for the repair of the instruments and the furniture, and 
eight discharged non-commissioned officers for the service of the 
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)lace. Assuredly it was no ordinary man who could secure, as 
Struve secured, order and good-will in so considerable and mul- 
i&rious an establishment. For the endowment of this noble 
institution the Emperor of Eussia, with truly imperial generosity, 
assigned no less a sum than ten thousand pounds per annum. 
The servant was worthy of the master. 

Meanwhile, and for nearly half a century, extending almost 
throughout our venerated associate's directorships both at Dorpat 
and at Pulkowa, run continuously the gigantic operations con- 
nected with the measurement of the Eussian and Scandinavian 
Arc of Meridian, and the Trigonometrical Survey of the enor- 
mous Russian empire. The genius of Struve presided over this 
vast undertaking, ever devising, co-operating, and not seldom 
97orking with his own hands and eyes, and on more than one 
Dccasion amidst ice and snow. This arc of meridian, extending 
.hrough 25° 20', from Ismail at the mouths of the Danube to 
Fuglenaes on the Arctic Ocean, exceeds in magnitude even our 
)wn Indian arc, from Cape Comorin to the Himalayas, the execu- 
ion of which alone, and with no other work, has been sufficient 
» raise the fame and exhaust the labors of Lambton and Everest. 

Some idea may be formed of the amount and variety of 
5truve's occupations at this time from the following quotation 
Tom his great work on the subject of this very arc. Speaking 
3f that portion which runs through Livland, he says : — " Un- 
loubtedly I could have completed this work long before, had it 
been the sole object of my scientific duties ; but, in 1821, Eeich- 
gnbach's meridian circle arrived at Dorpat, and at length, in 
1824, I was put in possession of Fraunhofer's magnificent equa- 
torial, ordered since 1820, and I thought that my first duties 
pointed to the immediate use of these exquisite instruments. 
Hence, I did not consider myself authorized to absent myself 
froTO. Dorpat for more than a few weeks* work at a time in geode- 
tical proceedings. And I think that I ought here to explain, 
khat between 1821 and 1827 (which period embraces the field- 
work of the Baltic arc), I made, reduced, and published without 
iny assistance, the meridian observations recorded in volumes 
[II, IV, V, VI, of the Dorpat Annals ; at the same time I also 
Snished the revision of the survey of the heavens, which fur- 
aishedthe Gatalogzcs novus tStellarum duplicium^ published in 1827; 
md besides this I had to give an annual course of lectures on 
distronomy to the University, and of Geodesy to the Imperial 
jtaflf." 

Such labors, great as they were, are not now referred to as 
l)eing by any means without their parallel among scientific men ; 
3n the contrary, they form the rule rather than the exception ; 
3ut they are mentioned here because they may well serve to re- 
mind us, that such is the cost at which our knowledge is 
Jjc JouB. Sol—Second Series, Vol. XL, N9. 119.— SiiPT., 1?^. 
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advanced, and for whicli alone the world accords imperishaUe 
fame to her sons. 

Struve visited England on four different occasions. The first 
time was in 1830, when it so happened, that a committee was 
sitting for the improvement of the Nautical Almanac ; he was 
invited to assist in its deliberations, and by his ability and excel- 
lent temper contributed toward bringing its labors to a success- 
ful conclusion. In 1844 he came to England for the purpose of 
determining the difference of longitude between the Observato- 
ries of Pulkowa and Greenwich. A step had already been taken 
toward the completion of that important but difficult operation, 
by ascertaining, in 1843, the difference of longitude between 
Pulkowa and Altona. In those days, — it may seem strange 
indeed, that we naturally fall into such expressions while speak- 
ing of but twenty years ago, but the amazing advances, which, 
during that short interval, have been made in the application of 
science to art, justify the terms — in those days, the only known 
method existing for the exact determination of differences of 
longitude between two geographical positions, was by the repeat- 
ed transmission of many chronometers from one place to the 
other. Hence, it was necessary for Struve to organize, and per- 
sonally superintend, a series of chronometric expeditions, first 
between Pulkowa and Altona, and then between Altona and 
Greenwich. In the former expedition not less than sixty-eight 
chronometers were sixteen times carried across the Baltic ; and 
in the latter, forty-two chronometers passed sixteen times over 
the German Ocean and the Thames. In the present day, owing 
to the combined labors of Oersted and Wlieatstone,^ all this 
tedious and cumbersome operation is replaced by the mere 
automatic action of the clock itself, whereby a series of metallic 
contacts are made, conveying the precise time, to the small frac- 
tion of a second, through the electric wire to an observer wait- 
ing in quietness for the expected signals at some distant place. 
AH honor be to Struve, and to others like him, who, toiling 
along rivers and seas, and without our wonderful appliances, by 
patient genius obtained results comparable in accuracy with our 
own.'* Nor may we here omit the mention of an incident which 
exhibits in a characteristic manner the true greatness of Struve's 
mind. After he had successfully completed the very trouble- 
some operation before alluded to, and when it had become neces- 
sary to arrange and publish the result, for geographical and 
other purposes, the question arose, shall the astronomical prece- 

* Some American names are here omitted. — Eds. J. Sci. 

"In 1844 the Astronomer Royal determined the longitude of Valentia, in the 
west of Ireland, to be 41m. 93*67 W., by means of ten transits of thirty pocket 
chronometers to and fro. In 1 862 the longitude of the same place was re«detemi- 
ined by galvanic signals given by the clock itself, and the final result was 41m. 9s'81 
W. ! — Mem. R.Ast. Soc, vol. xxxii. 
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dence attached to the first meridian of longitude be assigned to 
Pulkowa or to Greenwich? There could be no doubt that 
Strav^'s heart was in Eussia, rather than in England, and we have 
already seen how in external magnificence Pulkowa utterly 
eclipsed the unpretending buildings at Greenwich ; but Struve, 
like a true astronomer, remembered the long line of illustrious 
men who had toiled at Greenwich, the old traditions of Flam- 
steed, and Halley, and Bradley, and to Greenwich he assigned 
the astronomical precedence. 

Struve was in this country again in 1847. This time, the main 
object ctf his visit was to carry back with him to Eussia one of 
the two standard bars used in the great Indian Survey, and 
without which it was impossible to utilize and connect the 
measurement of the Indian arc, with that of the still greater 
Russian and Scandinavian arc just completed. On this occasion, 
he joined the British Association, which that year fortunately 
assembled at Oxford, and it was thus that Struve either acquired 
or consolidated that strong personal regard which united him, in 
a peculiar degree, with the principal scientific men of England 
in almost every branch. Perhaps it may be allowable for the 
writer to record that his first acquaintance with this most amia- 
ble man was made at this period when, at the house of Sir John 
Herschel, and not long after the memorable discovery of Neptune^ 
he, for a few days, was permitted to associate with a phalanx of 
scientific veterans rarely assembled in one spot, — Adams, Airy, 
Herschel, Leverrier, and Struve, forming the list. 

Ten years later, viz. 1857, found Struve in England for the 
last time. He had never failed in public documents and in pri- 
vate communications to speak in affectionate terms of the ready 
aid and hospitality which he had received at the hands of the 
present Astronomer Eoyal, Mr. Airy. His headquarters were, 
therefore, again as of old, at Greenwich. But now, though in 
his sixty-fourth year, the indomitable energy and the genius of 
work in the man brought him thither on a project of still greater 
magnitude than the arc of meridian which he had just completed. 
In early youth, while honorably supporting himself in Livland 
as tutor in the family of the De Bergs, he had cast a wistful eye 
over the level tracts which north and south, east and west, are 
a characteristic feature of European Eussia. Our great country- 
man, Dr. Arnold, used to say, with but slight exaggeration, that 
there was scarcely a hill between Eugby and the Ural mountains 
to shelter him from the east wind. Arnold observed this with 
the eye of a geographer; Struve knew it, and utilized it as an 
astronomer.* No sooner then was the Eussian and Scandinavian 

' Struve remarks that, along the arc between the mouths of the Danube and the 
Arctic Sea, there is no hill 1200 feet high. Over a great portion of it the country 
is 60 level and wooded that it was often necessary to erect lofty scaffolds in order 
to see the necessary signals. 
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arc from north to south completed, than Struvo set to work to 
organize and arrange the measurement of an arc of parallel 
from east to west, of still more gigantic dimensions. He pro- 
posed to extend it throughout the entire breath of Europe ; from 
Orsk, at the foot of the Ural Mountains, to Valentia, at the 
western extremity of Ireland, ranging over perhaps a twelfth 
part of the equatorial circumference of the earth. The opera- 
tions for measuring this arc would necessarily lie in many lands; 
and, perhaps, this man of no jealousies was, if not the only man, 
at least the one best fitted to negotiate with the various govern- 
ments, and men in high office, both in state and science, without 
whose concurrence and aid the execution of the vast project wag 
impossible. The Emperor of the French and other state officials 
received Struve with especial distinction. It was to arrange for 
the prosecution of that portion of the arc of parallel which lies 
in England and Ireland, and also of that part which connects 
England with Belgium, that Struve now came to Grreenwich. 
In this country he was warmly seconded by our own govern- 
ment, by Mr. Airy, Colonel Sir Henry James, Captain Clarke, 
and other savans connected with the geodesy of Great Britain. 
It is sometimes accorded by a divine providence, wiser than our- 
selves, that a man at the age of sixty-four may arrange and ev«i 
commence so vast a plan, but it is not granted that he may com' 
plete it. So Struve labored, but it is for other men to enter into 
his labors. In the following year, 1858, came the first attack of 
a cruel malady, which might have warned him that his active 
labors were drawing to a close. When, however, he could no 
longer take the field and observe, we are informed on the best 
authority, that he would sit at his writing-table for fourteen or 
fifteen hours in the day, endeavoring to further with his pen 
that great undertaking which he could not assist with his hands. 
Before concluding our estimate of the permanent results of 
Struve's labors on the advancement of astronomy, it is necessary 
to observe that the data for our more accurate knowledge of the 
constants of precession, nutation, and aberration, as now gener- 
ally adopted by astronomers, were furnished bjr observations 
made by himself or under his immediate direction, in the inter- 
val between 1822 and 1841. Again, in addition to his discovery 
of the existence of a law in the distribution of stars in space and 
in the proximities of multiple stars, of which we have already 
spoken, for Struve may properly be claimed what Sir Johr 
Herschel happily terms " the first impression that was made" 
on the general problem of the distances of the fixed stars fron 
the Sun. It was humiliating to the astronomer (nay, he hac 
almost acquiesced in the belief that for wise purposes it wa 
designedly so) to think that an innumerable multitude of brigh 

'* Address of Sir John Herschel to the Royal Astronomical Society, 1841. 
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objects, which he could not do otherwise than regard as worlds, 
were within his sights yet beyond the reach of his geometry to 
measure. Our associate, however, resolved to determine, if 
determined it could be, whether this limit had actually been set 
to the bounds of human knowledge, and in the years 1819-21 
he succeeded, by sagacious and diligent observations of 27 cir- 
cumpolar stars, in showing, beyond a doubt, that certain indica- 
tions of parallax existed sufficient to encourage further efforts 
with more adequate instrumental means than he at that time 
possessed. The history of the definite settlement of the queS' 
tion of stellar parallax is not a little curious, and Struve's part 
in it is sufficiently conspicuous. Our countryman Henderson, in 
1831-2, at the Cape of Good. Hope, observed « Centauri with the 
mural circle, and on his return to England shortly afterward 
deduced a parallax of about V for that remarkable star. Struve 
at Dorpat, from micrometrical measurement made with Fraun- 
hofer's instrument in the years 1835-8, obtained a parallax for a 
LyroR, amounting to 0"*261. Nevertheless, astronomers, after 
their manner of most rigid and impartial scrutiny, decided that 
possibly the shadow of a doubt rested upon both these sets of 
observations, and resolved to wait for the results of fresh mea- 
■surements. Meanwhile, Bessel a year after, and frotn observa- 
tions made with the great Heliometer at Konigsberg, deduced a 
parallax of 0"'348 for 61 Oygni^ such as to be wholly beyond the 
reach of cavil. Subsequently Peters confirmed Henderson's 
result of the existence of a parallax in « CentauH^ and Mi 0. 
Struve vindicated the general truth of his father's deductions. 
Such, then, is the share which must be assigned to our associate 
ia the determination of this most interesting, but difficult cosmi- 
cal question. 

Nor must we pass over our late associate's Description de 
J Observatoire Central de Poulkova given to the world in 1847. 
It would be but an obvious and inadequate remark simply to 
say that this is the most sumptuous and complete work ever 
published on the description of an observatory, its instruments 
and its arrangements; and a monument to the enlightened 
generosity of the Russian government, who defrayed the cost of 
its publication. A perusal of it can scarcely fail to kindle the 
\ admiration of every one who is endued with a taste for practical 
; astronomy. What is of far more importance, almost every page 
; indicates the perfect mastery of the author over the instruments 
\ which he thus admirably describes, and attests the scrupulous 
care with which he attended to the minutest circumstances which 
could in any way contribute to the accuracy of their construc- 
tion, or of the mode of handling them. Happily this most im- 
portant work has on several occasions served as a guide for 
Duilding and organizing other observatories on the continent of 
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Europe. But while we are bound, in the interests of scientific 
truth, to speak thus respectfully of this truly admirable work, 
and of the Observatory which it describes, it is impossible for os 
not to turn our thoughts for a moment to our own National 
Observatory and to its present able Director ; not indeed in the 
spirit of contrast or comparison, but solely in the spirit of duty. 
Since the establishment of Pulkowa, Greenwich also has been 
furnished with instruments, entirely new, wholly devised by the 
Astronomer Eoyal, and constructed entirely under his superin- 
tendence. These instruments differ greatly from those erected at 
Pulkowa, as might be expected from the difference of genios 
with which the two nations are inspired ; but if the descriptions 
of these admirable instruments were collected from the several 
monographs in which they are dispersed, they would form a 
volume every way worthy of being a companion volume to 
Struve's grand description of the great Eussian Observatory. 

Nor are the names of our great artists, Dolland, Ramsden, 
Troughton, Simms, and Oooke, in any respect unworthy to be 
placed side by side with Fraunhofer, Ertel, Reichenbach, Eep- 
sold, Mertz, Cauchoix, Secretan, and others. In the great Al- 
hambra of Science there are niches for them all. In gladly 
awarding our meed of thankful acknowledgment to the memory, 
of Struve, and to the astronomical mechanicians who so ably 
assisted him, we have felt it our duty to say a word of what u 
due to the genius of their fellow-laborers in England. In so 
doing we are here claiming no preeminence nor asserting any 
priority ; invidious comparisons, if at all and anywhere out of 
place, would be preeminently so in a memorial notice of a man 
like Struve, for it was one of the characteristic features of that 
great man's life that, although often provoked, he was never 
known to contest a scientific priority ; such contests, he said, 
were not only destructive of the peace of a philosopher's mind 
but highly prejudicial to the interests of science. 

Struve was, as might be suggested by his labors, a man of 
uncommon physical strength, greatly corroborated, as he believed, 
by gymnastic exercises in youth: until the first attacks of his 
painful malady in 1858, of which we have already spoken, and 
which ultimately brought him to the grave, he used to say that 
he had never known what illness was.* By the advice of his 
physicians he was at length induced to cease, at least temporarily, 
from his incessant work, and travel through Europe for the 
restoration of his health : tljat result was not to be; as in other 
eases, so in his. it was too late. In Struve's illness there occur- 
red a phenomenon which, though at the time, sup posed to be 

® This is not quite strictly correct. Struve used to say, witli an easy plcasautry, 
that Fraunhofer's noble instrument was rightly named the Great He/ractor, for be 
and his friend Schumacher had each broken a leg while using it. 
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aely singular, is not altogether uncommon. When he be- 

recover from exhaustion occasioned by the first attack of 
alady, his memory, for all events of recent occurrence, 
T failed him ; while, at the same time, it exhibited its usual, 
n increased tenacity in things long since passed away. On 
>ccasion8 he would seem to be living wholly in the scenes 

past, reciting passages in Greek, Latin, or Hebrew, and 
ng in some of those many dialects in which he had learned 
verse in his youth. In the midst, however, of this vivid / 
itation of the past, co-existing with the temporary oblivion 

recent associations, it is a touchingly suggestive circum- 

to record that he never forgot the face of a friend, 
length, reluctant to continue as the nominal head of a great 
ishment, which he no longer felt himself able personally to 
, in December, 1861, he requested permission to resign his 

This permission was granted, accompanied, among other 
1 marks of honor, with the grant of an hereditary estate by 
vereign ; and thus the Observatory of Pulkowa passed to 
irectorship of his worthy son, Mr. Otto Struve. That the 
e of the father may descend upon the son is the undoubt- 
)pe and expectation of all who are interested in the science 
ronomy. 

the 19th of August, 1864, a quarter of a century having 
jlapsed since the inauguration of the Observatory, a great 
ring of astronomers from all parts of Europe assembled at 
)wa, to pay their respects, and, as it proved, their last res- 

to the man whose character and talents had shed a lustre 
on the noble science of their common pursuit. Among 

present on this happy occasion was the President of our 
Society ; of the others many had been Struve's astronomi- 
lupils in former days, but now they occupied high and 
nsible positions of their own; from the former we learn 
the venerable old man, now in his 72nd year, shook off for 
e the bodily feebleness to which his unceasing malady had 
jcd him, and assuming the animation of younger years, 
j:ed those around him for the affection which had brought 

together, and acknowledged the kindness and cooperation 
b, through a long life, he had met with in the prosecution 
3 labors. But what at Pulkowa, on this and on other occa- 
, struck our President the most, even among the many other 
rkable features of that imperial establishment, was the 
ess of purpose, mutual confidence, and friendliness of inter- 
le, which there seemed to have found an especial home, 
could fondly believe that it was thus ordained for the old 
Domer to die, like a patriarch, in the midst of his children, 
ithin a few weeks of that memorable jubilee, on the 23rd 
ovember, 1864, Struve was called to his rest. 
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Struve was twice married : his first wife was a German lady, 
Emilia Wall, by whom he had twelve children, of these eight 
survive ; his second wife, now his widow, was the daughter of 
his old colleague, Bartels, at Dorpat ; by her he had issue six 
children, and of these four are still living. It may be interest- 
ing here to state that, notwithstanding the multiplicity and 
engrossing character of Struve's occupations, he always found 
time personally, and with affectionate concern, to superintend 
the education of his children. 

Such are the records of this great man's life, so far, at least, 
as they are suited to a memoir like the present. Whatever is 
mortal of Wilhelm Struve rests in the churchyard attached to 
the beloved institution which he so long adorned. His grave 
lies under the shadow of its domes, and was selected by himself: 
but it is not these domes alone which constitute his monument; 
the spirit of the man still breathes in the zeal, the labors, the 
unanimity, which survive the master, and reign within them. 
That spirit will be reproduced again and again in future ages 
when other men, animated by tne story of his example, snail 
endeavor to follow his steps. C p. 



Art. XVI. — Experiments with the Ammonium Amalgam; by 
Charles M. Wetherill, Ph.D., M.D. 

The existence of the hypothetical radical NH^ depends less 
upon the characteristics of its so-called amalgam tnan upon 
the parallelism of its salts with those of the alkalies. If, from 
these analogies, we accept the metallic nature of ammonium, it 
will be diflGicult to avoid assigning a similar character to the rad- 
icals of all of the organic bases ; and especially to those which, 
like the compound ammonias, have an alkaline reaction and 
possess physical and chemical properties so like ammonia. 

If such be the inference, we must admit numerous compoiad 
metalsy which exists only in certain states of combination of 
their elements. The assumption of the elementary nature of 
a metal is destroyed and the ideas of the alchemists are re* 
vived ; for if NH^ be a metal and NHg be not one, why may 
not other metals, esteemed elements, be also compounds. 

In examining the so-called ammonium amalgam one is inter- 
ested at the great resemblance which it bears to the amalgams 
proper in its physical properties. The mercury has lost its flu- 
idity or mobility, and, at the same time, its relations of cohesion 
and adhesion are very sensibly altered. It no longer coheres 
powerfully ; but adheres to, or wets, platinum, iron and other 
metalS; lik:e the potassium or sodium amalgam. When left to 
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\ the swollen mass sllri^ks, and gradually resolves itself into 
(NH4O) H and Hg, because (as it is usually explained) NH^ 
k great tendency to fall apart into NH3 and H. This expla- 
n might be satisfactory when applied to the difficulty of 
:ing NH4, as from any of its salts ; but is not so in the case 
e us. 
ammonium falls apart thus readily in the presence of mer- 

why does it combine with it at all to be decomposed in 
ery act of union ? If it be said that in NH^ Hg the NH^ 
D great a capacity for oxydation that it at once decomposes 
r, with the formation of NH^OandH; still why should 

unite with the mercury, which is not as near to it as, or at 
no nearer than, the water f In reflecting upon the phenom- 

I conceived the idea that there is really no amalgam of 
Dnium formed; but, in the reaction, the sodium decomposes 
'^ater, evolving hydrogen, and forming caustic soda, which 

turn sets free ammonia from the chlorid, the mercury be- 
ilso liberated. Thus NH,Cl+HO+HgNa=NH,0+H+ 
+Hg. At the same time the molecules of the mass are 
id in their capacity for cohesion by catalysis, polarity of 
3, or some unknown cause, so that the bubbles of gas are re- 
i, and swelling takes place. 

ithout the assumption of an unknown cause, the swelling 
be accounted for by admitting that the evolution of gas 
s portions of the sodium amalgam out of contact with the 
on, and the mass thus remains pasty enough to retain the 
ubJDles of hydrogen and ammonia for a while. The swell- 
lay subside by reason of the final oxydation of this residual 
m amalgam. 

the kindness of Professor Henry, the opportunities of the 
atory of the Smithsonian Institution were afforded me in 
inter of 1863-4, to perform the following experiments upon 
ubject. 

e ammonium amalgams were obtained by the agency of 
)dium amalgam, which was itself prepared by warming dis- 
mercury and projecting sodium therein. By varying the 
►rtion of mercury, the sodium amalgam was obtained either 
fluid, pasty, in acicular crystals, or quite hard. The am- 
im amalgam was prepared from all of these alloys ; but 
a hard amalgam was used in the experiment, the ammo- 
amalgam formed upon the surface or the lump and pro- 
i gradually to the inside, and the swelling was not so great 

close of the reaction. The more fluid the sodium amal- 
?ras, the more readily did the swelling take place. 

1°. Sodium amalgam projected into dilute solutions of 
iric or hydrochloric acids, or into an aqueous solution of 
a, decomposes water, but not violently. The mercury does 

^ovs. 80L—8E00ND SERIES, Vol. XL, No. 119.— 8e:pt.^ ISfiS. 
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not swell, but this phenomenon takes place immediately if a little 
solution of sal-ammoniac be added. It is not, therefore, merely 
hydrogen, (itself a hypothetical metal), in the nascent state whicn 
occasions the swelling. 

Ex. 2°. Sodium amalgam in a solution of ammonia decomposes 
water without swelling ; but this phenomenon ensues immedi- 
ately if a drop of sulphuric or hydrochloric acid be added. 
Hence, hydrogen in the nascent state and ammonia in the candt- 
tion of stable equilibrium do not produce the swelling. To effect 
this the ammonia itself must also be nascent. 

Ex. 3^ When the ammonium amalgam is made in a test tube 
containing a thermometer, a rise of temperature of from 2® to 
8° C. is indicated during the swelling. The temperature falls at 
the completion of the swelling. If the turgidity subsides by 
reason of the great aflSlnity of NH^ for the oxygen of the water, 
decomposing the latter with the evolution of hydrogen, an ele- 
vation of temperature ought to be maintained until the NH| 
has become converted into NH^O. 

Ex. 4°. If a test tube be filled with a solution of sal-ammo- 
niac, inverted in a capsule containing the same salt, and a piece 
of sodium amalgam be introduced under the test tube, the am- 
monium amalgam is at once generated, with the constant evolu- 
tion of hydrogen gas ; the porous amalgam floats up to the eui- 
face of the liquid, and, subsiding after a while, gradually returns 
to mercury. From the time that the swelling is at its maximum 
until the mercury is restored to its pristine condition, there is 
but trifling increase of the volume of the gas, and this increase 
appears to be due to the minute particles of sodium amalgam 
which have been brought out of contact with the sal-ammoniac 
by reason of the turgescence. None of the gas in the test tube 
is absorbable by water ; it is all hydrogen, and the sal-ammo- 
niac remaining reacts strongly alkaline. The same phenomenon 
takes place when the amalgam is formed in a solution of sal-am- 
moniac in a capsule under a layer of naphtha. The presence of 
air, therefore, has no part in the subsidence of the swelled msA 

Ex. 5°. When the amalgam, having again sunk to the bottom 
of the capsule in the last experiment, is pressed with the finger 
against the vessel, under the naphtha, it has at first a pasty or 
smeary nature ; but, apparently by the expression of hydrogen 
gas from its pores, it is very quickly restored to the ordinary 
condition of mercury. 

Ex. 6°. When the ammonium amalgam is squeezed through 
a piece of muslin it is immediately^ and without change of tem- 
perature, or other evidence of affinity, resolved into mercury. 

Ex. 7°. If a drop of sal-ammoniac solution be placed upon a 
plate of glass, a lump of soft sodium amalgam be addeo, and . 
another plate of glass be pressed upon the whole, the ammoni* 
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aalgam formed cannot swell, but expands laterally, aasum- 
reticular appearance by reason of the many gas bubbles 

in fact thus become perceptible. 

I lump of ammonium amalgam, already in the swollen 
ion, be pressed between two plates of glass, it is spread 
to a thin perforated film resembling lace. 

8°. If a piece of spongy platinum be heated and stirred 
melted sodium amalgam, the latter fills the pores of the 
um sponge, and coats it uniformly. A piece of this com- 
. in contact with a solution of sal-ammoniac, evolves hy- 
1 and ammonia, but does not swell ; nor does a globule of 

mercury, expressed from the mass, exhibit any of the 
stars of the ammonium amalgam. 

9°. A piece of ammonium amalgam was wiped gently 
filter paper and placed in naphtha. After a little while, 
rrait any adherent water to be decomposed), a test tube 
' naphtha was inverted over it, the evolution of hydrogen 
ntinued as the amalgam shrank, and when, after the lapse 

hour, the mercury was restored to its usual condition, a 
3 of gas, equal in volume to the globule of mercury, was 
ied. 

10°. If a drop of sodium amalgam be heated upon a glass 
then touched with a drop of sal-ammoniac solution, it at 
swells to the full size of an ammonium amalgam which 

have required several minutes if the reaction had taken 
in the cold. 

11°. The sodium amalgam decomposes cold water with 
irative slowness ; in boiling water a rapid evolution of gas 
place, although some time is required to fully oxydize the 
n. Boiling solution of aqua ammonia acts like boiling 
In none of these cases does any swelling take place, but 
henomenon is manifested immediately if to the boiling 
•mmonia a few drops of carbonate of ammonia be added. 

12°. The ammonium amalgam is formed with apparently 
facility, employing the solutions of the following ammo- 
ilts: — Chlorid, oxalate, sulphate, and bi-sulphate; the 
steristics of the amalgam thus formed being alike. The 
)n with bi-sulphate of ammonia is instructive, showing 
rmation of the amalgam in the presence of an acid which 
ates the decomposition of water by certain metals. If a 
of reddened litmus paper be saturated with solution of bi- 
ite of ammonia, and a piece of sodium amalgam be drop^ 
lereupon, the formation of the ammonium amalgam takes 
as usual, and the evolution of the ammonia neutralizes 
id, producing An alkaline reaction upon the paper undor 
ass. 
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Ex. 13^. The ammoniam amalgam cannot be formed with so- 
lution of nitrate of ammonia. With this reagent a very rapid 
evolution of gas takes place, and a globule of mercury remains. 
In this reaction there are no indications of hyponitrous or ni- 
trous acids, and a drop of sulphid of ammonium added to the 
resulting liquid produces no coloration, except in a film upon 
the globule of mercury. If a drop of fluid sodium amalgam be 
projected into a drop of solution of sal-ammoniac upon a glan 
plate, the ammonium amalgam is formed rapidly ; out a few 
drops of solution of nitrate of ammonia poured upon the swelled 
mass, reduce it instantly, and without the evolutions of nitrous 
fumes, to the condition of ordinary mercury. 

Ex. 14°. By the kindness of M. Carey Lea, Esq., who fur- 
nished me with some of the salt, I have acted upon the sodium 
amalgam with solution of oxalate of methylamioe. A slight 
turgescence is exhibited in this reaction, but not nearly to so 
great an extent as with oxalate of ammonia. The globule of 
methylamine amalgam pressed between glass plates manifests a 
reticulated appearance from gas bubbles, but to a less degree 
than in the case of ammonia salts. Hydrogen and methylamine 
are evolved. 

Ex. 15°. With the battery, — The ammonium amalgam was 
formed by the battery, using different ammonia salts in contact 
with mercury at the negative pole. 

The general characteristics of the amalgam thus obtained 
were the same as when sodium was employed. 

With a Smee battery of six pairs, of which each zinc plate 
measured 8x5 inches, the amalgam was obtained in small quan- 
tities ; but ten of Bunsen^'s elements were required to obtain 
sufficient to study its properties. 

By the electrolysis of a solution of sal-ammoniac contained 
in a TJ tube, which was furnished with a porus diaphragm K)f 
filter paper, decomposition took place rapidly with either of the 
batteries; hydrogen and ammonia appearing at the negative 
pole, and nitrogen, chlorine, and hydrochloric acid at the posi- 
tive pole. No formation of chlorid of nitrogen was detected 
in the reaction. 

The amalgam did not form with mercury in the negative 
branch of the U, the decomposition then being the same as with- 
out the metal. 

The electrolysis of carbonate of ammonia yielded similar re- 
sults, carbonic acid being evolved. 

With solution of nitrate of ammonia in a TJ tube, hydrogen 
and ammonia appeared at the negative pole, and nitric acid and 
oxygen at the positive electrode. A small quantity of the 
gases collected at the positive pole were absorbed by water. 
If a globule of mercury be placed in a cup-like depression in a 
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« 
moistened lump of sal-ammoniac or carbonate of ammonia and 

be connected with the negative pole, the circuit being completed 
through the salt, the ammonium amalgam is formed "while the 
current is passing. 

If a piece of filter paper be placed upon a glass plate, and be 
moistened with a solution of carbonate of ammonia containing 
lamps of the salt, and if upon the paper a globule of mercury 
te deposited, the amalgam is beautifully manifested when the 
current of a ten cell Bunsen battery is passing through the mer- 
cury and paper, the metal being in contact with the negative 
pole. The amalgam swells out in a dendritic form, tending to- 
ward the positive pole, and maintaining its condition while the 
current lasts. Upon breaking the connection the swelled mass 
shrinks gradually. At all times, until restored to the condition 
of mercury, the amalgam exhibits numerous and minute gas 
bubbles when pressed between glass plates. 

If, during the passage of the current, a glass plate be pressed 
upon the amalgam, it is flattened into a thin plate or film. By 
this means the swelling is prevented, and tJie ammonium amal- 
gam is not formed. This result appears to be conclusive as to 
the non-existence of the ammonium amalgam, for, if it exist, it 
should be maintained in 2ijilm as well as in a globule as long as 
the current is passing. 

The so-called ammonium amalgam could not be formed by 
the electrolysis of nitrate of ammonia, and a few drops of a so- 
lution of this salt causes the swelling to subside in ammonium 
wnalgam already formed by the action of the battery upon sal- 
ammoniac, or carbonate of ammonia, in contact with mercury. 

If spongy platinum, imbued with mercury, be placed in con- 
tact with the negative pole of the battery, and the current be 
passed through either a solution of sal-ammoniac, or one of car- 
iwnate of ammonia to the positive pole, no swelling takes place, 
even though a large globule of mercury adhere to the sponge ; 
but violent ebullition of gas is manifested. 

This is a very instructive experiment. The sponge of plati- 
num cannot act by reason of fine pores, for they are all filled 
with mercury. The prevention of the amalgam formation must 
lie in the nature of the platinum itself; it is a catalytic or con- 
tact action. 
From these experiments it would seem that : — 
1st, The so-called ammonium amalgam is not an alloy of mer- 
cury and ammonium ; 

2d, The swelling of the mass in the phenomenon is due to 
the retention of gas bubbles ; and, 

3d, The coherence of the gases and liquids concerned is 
changed from a normal condition, exhibiting phenomena which 
may be classed with those of catalysis. 
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Art. XVII. — Gravity and Magnetic Inclination;^ by Plint 

Earle Chase, M.A., S.P.A.S. 

A SOMEWHAT critical survey of the anomalies presented b? 
the magnetic inclination, to which I referred in a former article 
(Proe. Am. Phil. Soc, April 21, 1865), has given me renewed _ 
reasons for regretting the want of a complete record of the in- • 
vestigations on which Prof Seech i based his conclusions, that aS 
" the phenomena hitherto known of the diurnal raagnetie varia- 
tions may be explained by supposing that the sun acts upon the 
earth as a very powerful magnet at a great distance."' As I 
know of no magnetic law which will account for those anomalies, 
I propose briefly to describe them, and to point out some rela- 
tions between the gravitation currents and the dip of the needle, 
as a sequel to my papers on the influence of gravity upon the 
total magnetic force and the magnetic declination. 

Gen. Sabine's discussions have shown some important points 
of difference between the magnetic disturbances at inter-tropical 
and extra-tropical stations, the Cape of Good Hope being mag- 
netically, though not geographically, inter-tropical. In the third 
volume of the Toronto Observations, and in Prof. Bache's discus- 
sions of the observations at Girard College, projections of the 
daily and semi-annual inclination-curves are given ;' and Plate 
V, of the second volume of the Hobarton Observations, contains 
a graphical representation of the diurnal variations of the incli- 
nation at the different observation hours in the four seasons. If 
we also project, from Gen. Sabine's tables of the mean results, 
the daily and semi-annual curves at St. Helena and Cape Colony, 
and compare the curves at the five stations, it will be found that, 

1. The greatest daily disturbance of inclination occurs about 
noon. 

* From the Proceedings of the American Philosophical Society, May 19, 1865. 

' Phil. Mag. [4], ix, 452. Faraday (Exp. Res., iii, 493), states <' that the celebra- 
ted Prof. Gazzaniga, starting from his numerous experiments, which demonstrate the 
influence of magnetism upon the same aerial fluids, in a manner, therefore, different 
from that of Bancalari, was induced to consider the pun, and all the other celestial 
bodies, as so many enormous magnets, by which he established that attraction ii 
merely one effect of the magnetism of the great celestial masses placed at an eno^ 
mous distance, — an idea which reappeared in 1846 in Prussia, and in 1847 io 
TVance." 

While admitting the intimate relationship of magnetism and gravity, I most dii* 
sent from the learned Professor's inference. For the evidence appears irresistible, 
that the earth*s magnetism is directly dependent on the terrestrial gravitation of the 
thermally disturbed aerial currents, and that it is only slightly affected by the per* 
turbations of solar and lunar gravitation, so that if we regard the relationship as a 
causal one, magnetism, rather than attraction, should be considered as the efiiect. 
(See Gauss, " General Theory of Terrestial Magnetism," § 80, 40; Taylor^s Scientifie 
Memoirs, ii, 282). 

' By the kindness of Prof. Henry, I have been permitted to refer to the proof* 
sheets of the Fourth Section of Prof. Bache^s Discussions. 
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At (magnetically) inter-tropical stations, the dip is dimin- 
I, but at extra-tropical stations it is increased in the middle 
le day. 

Increasing temperature and increasing solar altitude, aug- 
i the inclination disturbance. This is shown both by the 
lal and the semi-annual curves. 
As a corollary of propositions 2 and 8, at St. Helena and 

of Good Hope, the inclination-disturbance is opposed to, 
subtracted from the normal dip ; but at Philadelphia, 
nto, and Hobarton, the disturbance is added to the dip. 
I the inclination is 

a minimum at St. Helena, at 22--23'>. 

" " " Cape of Good Hope, " 0- 1*». 

" maximum ** Philadelphia, " 22- 0^. 

" " " Toronto, " 22-23h. 

" " " Hobarton, " 23- 1^. 

jasoning either, a priori, or from Secchi's postulates, we might 
rally infer that the ellipticity of the atmosphere would be 
lased by the direct action of the sun, and that, consequently, 

the tendency of magnetic parallelism to the gravitation 
snts, the dip would be augmented at noon in all places 
een the magnetic equator and the magnetic poles, 
r. William Ferrel, in his paper* which furnished the first 
factory explanation of the barometric depression at the 
ktor and at the poles, shows that in consequence of the earth's 
on fluids tend to assume a form similar to his Fig. 1 (Math, 
thly, i, 215), ^Hhe surface of the fluid being slightly depressed 
e equator, having its maximum height about the parallel of 36°, 
meeting the surface of the earth toward the poles." The direct 
m of the sun, in increasing the equatorial ellipticity of the 
may also increase the tendency to equatorial and polar de- 
sion, and the magnetic parallelism may, therefore, be mani- 
d in the solar-diurnal inclination-disturbance precisely as it is 
ifested at St. Helena and Cape of Good Hope, by a diminu- 

of dip between the parallels of 35°, and an increase in 
ler latitudes. 

base coincidences may well suggest the need of more exten- 
observations in different parts of South America, Northern 
ca. Southern Asia, the Pacific Ocean and the Frigid Zones, 
arnish the data for determining to what extent mountain 
;es, coast lines, land and water radiation, winds, and ocean 
ents modify the theoretical phenomena of dip and declination. 

The motions of fluids and solids relative to the earth's surface." See Nash- 
Joumal of Medicine and Surgery for 1866, and Mathematical Monthly for 1869» 
),8qq. 
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By projecting on isoclinal and isogonic charts* the magnetic 
currents as indicated by the position of the needle in di&rent 
portions of the globe, I have obtained the following resoltii^ 
which serve to show the character of some of these modifications: 

I. Declination. 

1. The currents manifest a tendency to follow the lines of most 
direct ocean communication between the warmest and the cold- 
est portions of the globe, the general declination being westedj 
in tne Atlantic, and easterly in the Pacific Ocean. ! 

2. The lines of no variation are apparently determined in part J 
by the land contours' that divide the waters of the globe uto 
two great bodies. 

3. The currents are deflected by the southern pointed extremi- 
ties of the several continents toward the east on the eastern 
shores, and toward the west on the western shores, of New Ed- 
land, Africa, and South America. 

4. The magnetic currents, in the three respects above enume^ 
ated, exhibit a precise parallelism to the ocean tidal flow. 

5. In the comparatively narrow belt of the Atlantic Ocean, the 
declination between the parallels of 85° reaches 80**; in tlie 
broad expanse of the Pacific, the maximum within the same 
limits of latitude is 15°. 

6. Between the parallels of 70° and 80® the declination be- 
comes very great, and the currents tend to a gyratory or cyclonie 
motion, which appears to be modified by glaciers or local poles 
of great cold. 

7. The cyclonic tendency is most marked in the southern 
hemisphere, where the ocean waters experience the least inte^ 
ruption to their normal motions. Mr. FerrePs computation gives 
" 28° 30' for the polar distance of the parallel where the surfece 
of the fluid, or the stratum of equal pressure, meets the sur&ce 
of the earth." ^ It will be readily seen that at that distance the 
south pole is entirely surrounded by water, and it seems, there- 
fore, highly probable, that if there were no land in the frigid 
zones, there would be no definite magnetic poles, but a simple 
polar belt toward which the magnetic currents would flow in 
parallel spirals," except when deflected by land radiation, or tidal 
or other gravitation currents. 

* The charts that I used, were the pol jcoDic projection of the " Lines of eqnil 
magnetic variation for the year 1868," which was constructed from Evans's Engoah 
Admiraltv Chart, for the United States Coast Survey Report of 1869, and Nal 
and 2 of the ** Admiralty Manual for ascertaining and applying the deviationiof 
the compass caused by the iron in a ship." 2d Edition, 1863. 

® The influence of coast lines in producing a tendency to equality of dedioatioo 
is beautifully shown in the United States Coast Survey Chart of " I^es of etjoil 
magnetic declination on the Gulf of Mexico for the epoch 1860*0." 

"" Loc. citat. 

" This inference accords with Barlow's conclusion that every place has its parties- 
Jar polariziDg axis. 
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11. Dip. 

8. The lines of equal dip are arranged in approximate paral- 
lels, around the two (principal) magnetic poles. 

9. In consequence of this parallelism, they are convex toward 
(he north in the Pacific Ocean, and toward the south in the 
itlantic Ocean. 

10. The magnetic parallels also approximate to the isothermal 
)arallels, both in direction and in position, but with some im- 
K>rtant departures. 

11. In South America, the magnetic equator is depressed 
learly 30° south of the isothermal equator ; it is, however, nearly 
iqui-distant from the (principal) north and south magnetic poles. 

12. The magnetic parallels near the magnetic poles are more 
»nvex than the isothermal lines, but they present some inter- 
eting instances of parallelism to the ocean currents, which are 
ndisputably gravitation currents. 

18. This parallelism is specially observable in the regions of 
he equatorial currents, the Gulf Stream, and the North Pacific 
ind Japan currents. 

14. If a series of waves were propagated through the air, from 
the magnetic poles to the equator, with slight deflections by the 
continental contours and ocean currents, they could be repre- 
sented with great accuracy by the magnetic parallels. 

All of the foregoing modifications, as well as the theoretical 
phenomena previously referred to, have their exact counterparts 
in the currents which tend to restore the gravitation equilibrium 
of the air and water. It may be unwise, ignorant as we are of 
the true nature of causal efficiency, to assert that one form of 
force is produced by another, but it is one of the most important 
daties of true philosophy, to observe sequences and correlations. 
It has long been known that magnetic action may be so directed 
as either to assist or counteract the attractions of cohesion, 
chemical affinity, and gravitation ; it has also been known that, 
under certain circumstances, disturbances of chemical or of co- 
hesive attraction are accompanied by magnetical disturbances,* 
but I have now shown for the first time, by independent examin- 
ations of the total force, declination, and dip, tnat disturbances 
of gravitation are similarly attended. 

It would certainly be very satisfactory, if it were possible, to 
have some means of exhibiting, by simple laboratory experi- 
ments, the direct and mutual convertibility of gravitation and 

' * A few jeara ago magnetism was to us an occult power, affecting only a few 
1)o£es ; now it is found to influence aU bodies, and to possess the most intimate 
nelttions with electricity, heat, chemical action, light, crystallization, and through it, 
¥ltli the forces concerned in cohesion ; and we may, in the present state of t^ngs, 
ViU feel urged to continue our labors, encouraged by the hope of bringing it into a 
bold of union with gravity itself." — Faraday: Exp, Bet., 2614. 

Ix. JouB. Sol— Sboond Sebies, Vol. XL, No. 119.— Sept. 1S66. 
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magnetism, but I fear the attempt to reproduce, in any appreci- 
able mechanical form, the magnificent and daily repeated openr 
tions in the laboratory of nature which I have feebly endeavored 
to interpret, must always be futile. In order to obtain even the 
small amount of disturbance ('00134) which I have noted in the 
half-daily variation of atmospheric weight (Trans. A. P. S., xiii, 
121,) it would be necessary to take observations at two statiqiu^ 
one of which should be 2*655" miles more distant from the 
earth's center than the other. If the differences of vapor, tem- 
perature, barometric pressure, force and direction of wind, at- 
mospheric electricity, &c., did not so complicate the problem as 
to discourage even the most sanguine experimenter from, any 
attempt at solution, any result that could be obtained under sach 
circumstances would give little general satisfaction. 

It is possible, however, that the end, which we should vainly 
strive to reach directly, may be indirectly attained. Indeed, toe 
various stages of an indirect road have long been known, but we 
have not been able to compare them by any common measure. 
The motion of gravity, by percussion or the obstruction of sim- 
ple fall, has been repeatedly converted into the motion of heat; 
and the motion of heat, by the thermo-electric pile, has been 
converted into the motion of magnetism. The experiments of 
Barlow, Coulomb, Kupffer, and Christie," on the influence of 
heat upon the magnet, furnish data that may lend some aid to 
any investigator who seeks to ascertain the precise value and . 
modification of each force, in these successive conversions. 

But I look most hopefully to researches that are based upon 
differences of specific gravity. Even the experiments of Bartow 
and others, to which I have just referred, as well as the electro- 
magnetic currents which are generated by chemical solution, 
involve such differences; the thermal aerial currents which lutf- 
raonize with and increase the effects of simple gravitation ' 
toward the sun, are caused solely by the greater centripetal 
tendency of the cold, dense air which has the greatest specific 
gravity ; and the recent investigations in thermo-dynamica; 

" RX('v^D'-'/D)=3963X('/i 00184- 1)=2-666. At Siugapore the dailj<fi|i 
turbauce of total force is only fi- as great as it should be theoretically. I snspeGk 
that the discrepancy is owing mainly to the monsoons and other great temperaton 
disturbances of the station, which shift the lines of force by a kind of oondactioa 
polarity.— (Faraday, Exp. Res., 3279). In other important respects there is a Mt^ 
isfactory correspondence between Singapore and St. Helena. £. g. 





Mean 
FalL 


Mean Tide. (Theoretical X f()> 


Oh 


6h. 


12 k. 


Theoretical 


8h. 29' 
8h. 28' 


—00031 
-00081 


—000178 
—000180 


4-OOOM 

-H)ooe4 


Observed, 



(See "Numerical Relations of Gravity and Magnetism," Sections Y, IX, toi 
Faraday's Experimental Researches, III, 321 — 2). 
" See Eac. Britann., 8th od..xiv, ^5— ^^. 
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together with the experiments of Fusinieri and Peltier," confirm 
the natural conviction that the imponderable agents can only be 
manifested through their influence on ponderable matter, and, 
therefore, under tendencies to equilibrium with the force of 
gravitation. I already find a curious approximate coincidence, 
to which I attach little importance so long as it is unsupported 
iy corroborative evidence, but I refer to it as an indication of 
the very character that we might reasonably expect, and .one 
that may possibly become valuable in the course of future re- 
search. The last edition of the Encyclopedia Britannica, Article 
"Heat," gives for the expansion and consequent diminution of 
jpecifio gravity between 32"^ and 212° Fahr., of 

Iron, j\j 

Air, . . . . . . . • • I 

If we suppose their specific magnetisms to be inversely pro- 
portioned to the disturbance of their specific gravities, we have, 
assuming the specific magnetism of iron as the unit, 

3 • 1 . . 1 . 1 

J • TTIT . . J- . 2'UJ 

a value which is intermediate between those given by MM. 
Becquerel (jj^) and PlUcker (^Ji^)." This result would be 
Bomewhat modified by an accurate determination of the ratios of 
the linear to the cubic expansions of iron in its several forms. 

Faraday disclaims the assumption of any other than a conduc- 
tion polarity of oxygen (2933, 2934), but that polarity is con- 
veyea in lines strikingly analogous to the thermal gravitation 
currents (See Exp. Res., 2787, and III, PL IV, Fig. 6), which, 
in their turn, accurately represent the hypothetical indirect 
action of the sun on the needle, through the atmospheric affec- 
tion* of the lines of force (2936). 

I know of no physicist who has given so lucid a theoretical 
explanation of the various magnetic perturbations, as the illus- 
fcrious Fullerian Professor, and as his hypotheses; appear to me 
Btill more satisfactory when viewed in connection with the gravi- 
tation disturbances, I will brieflv refer to some of the more im- 
portant points that have helped to confirm me in the various 
views that I have hitherto advanced. Such are, e. g., the evi- 
dences of the identity of helices and magnets (2239) ; the exist- 
ence of magnetic repulsion without polarity (2274); the relative 
magnetic position of gases and vapors (2416) ; the relations of 
the magnecrystallic, cohesive, and magnetic forces (2479, 2562, 
2578); the probable dependence of the magnetic motions of 
fluids upon their mass and density (2768, 2769, 2781, 2863) ; the 

* Taylor^B Scientific Memoirs, iii, 894. 

^ Prof. Frazer has kindly referred me to the coefficients of dilatation for Iron, in 
iiie ** Artizan,** of Dec. 1, 1860, and to the experiments of RegnauU on the dilatation 
of tir (See Jour, of F. Inst. [3], zr, 281). According to these data, the theoretic^ 
ipecific magnetism of oxygen would be Jt)etween -^^^ apd ■^^. 
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magnetic influence of winds and varying atmospheric pressuie 
(2962, 2954) ;** the sapposed velocity of magnetic transmission 
in space or aether (2958) ; the daily bi-polar minima of coLi 
(8006) ; the closed circuits and prominent characteristics of the 
magnetic lines of force (3117, 8278, 3279, 3284) ; the tendency of 
all bodies to evolve electric currents, when moving in a magnetic 
field (3837) ; the relative diamagnetic and magnetic effects n^ 
heat and cold upon air atid the diamagnetic gases, as well as 
upon iron, nickel, and cobalt (2861, and lU, pp. 446, 460, 464 
472, 473, 489, 490). 

It should not be forgotten that there is no such thing within 
the compass of our observation, as *' potential" gravity, no in- 
stance of matter in absolute rest, and just beginning or tending 
to move under a gravitating pull. Every particle of the earth, 
independently of the action of heat, chemical a£inity, and cohe- 
sion, is at every instant subjected to four principal and important 
impulses, two toward the centers of the sun and earth respect- 
ively, and two tangential to the earth's orbit, and to its circamr 
ference. Of the several motions, the orbital one is by far the 
most important. Next in point of velocity is the one tangential 
to the circumference, — in point of intensity^ the one toward the 
center of the sun. Since the solar central and tangential motions 
are in equilibrio, it seems eminently proper that the others should 
be considered as disturbances, which tend^ as I have elsewhere 
shown, to give a daily ellipticitv to each section of air parallel 
to the equator. Not only are the barometric daily tides a neces- 
sary consequence of such ellipticity ; owing to the difference of 
specific gravity, the cold air, in addition to the proper motion of 
convection, is alternately drawn toward and repelled firom the 
earth's surface; and 1 am inclijaed to believe that many of the 
phenomena of the deposition of dew and the magnetic pertur- 
nations, which cannot be explaijied by other more important 
gravitation currents, may be thus accounted for. 

^* Humboldt speaks of the accumulfitioD of electricity in the lower eqnioocCU 
reffioDB, *' at the maximum of heat, and wheu the ,hfM:ometric tides ^re near thrir 
mmimum."— 7Uy/qr'« Sdtnt, Mtm-, iii» 8.98. 
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XVnt— Waterglass ; by John M. Ordway. Part V. 

[Cootioued &om vol zzr7, p. 196.] 
Its Reaction with Stannates, 

s statement made in Part II,* that stannate of soda pra- 
no alteration in a solution of waterglass, is found, by 
rigid experiments, to require some limitation. What is 
►f the stanjiate prepared, as it commonly is, with such an 
J of alkali as is needed to make it dissolve perfectly and 
well, does not necessarily hold good with regard to the 
normal salt. In fact the behavior of neutral stannates with 
ilicates, is peculiar, and worthy of something more than a 
g notices. The conditions, character, and results of the 
il reaction, may be best shown by giving a condensed ac- 
of some few of the many trials which I have made. But 
. be proper in the first place to describe, somewhat in de.- 
ae methods adopted for securing materials suitable for such 
iments — methods which may lay some claim to novelty as 
a convejaience. 

nnate of Soda. — Time alters the crystallized salt, and dis^- 
I stannate of soda having just one equivalent of alkali to 
f acid, soon begins to change and deposit an insoluble 
tannate, leaving an excess of soda in the liquid. Hence, 
3ver the really normal combination is wanted, it is best to 
use of the freshly prepared crystals. 
3 commercial "preparing salt," when it is free from arsenic, 
DC advantageously used to produce the pure stannate. 

^ refined product, of English manufacture, was found to contain 
}. NaCSnOg, 20 p. c. NaO, 11-3. p. c. NaCSOg, and 2-6 p. c. Ns 
>ome of it was purified thus : 

grams of the white ** preparing salt*' and 84 grams of acetate of 
. were dissolved together in 1600 cub. cent of water ; and, as the 
>n was too caustic for a paper filter, it was passed through thick 

cloth, the first portions of the liquor being poured back till the 
) came no longer turbid. The clear liquid treated with about its 
ulk of alcohol of sp. gr. 0*850, soon gave an abundant deposit of 
idistinct crystals, which were gathered into a stout cotton cloth and 
tted to very strong pressure. The damp product, weighing 181 
), was dissolved in twice its weight of water, and the filtered solu- 
ras mixed with somewhat more than its own bulk of alcohol. The 
Is of this second precipitation, after undergoing very hard pressure, 
spread out on paper and left in a cold place over night, to exhale 
cohol. They now weighed 143 grams and contained 76 p. c. of 
SnOj. They were free from carbonate, hydrate, sulphate, an^ 

^ This Journal, [2], zzxii, 839. 
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chlorid of sodium, but made a slightly opaline solution with water, Urns 
showing the presence of a trace of metastannate. 

Crystals fresh from tjbe press give a clear and complete sola- 
tioD ; and as a trifling amount of adhering alcohol is seldom of 
any consequence, it is best to expose the pressed cake to the air 
as little as possible. 

When the product is freed from mother liquor by absorption 
and careful drying it appears to have the composition NaO, 
SnOg, 3H0. 

To get pure and clean crystals for an exact determiiiation of 
the water a strong solution of the preparing salt was treated 
with acetate of baryta, and as much alcohol was added to the fil- 
trate as it would bear without turning milky. In two days there 
gathered around the sides and bottom of the bottle a thin, hard 
coating of transparent crystals, which were detached and pressed 
in absorbent paper till they appeared dry, but not at all efflo- 
resced. The average of two analyses showed 55*695 p. c. of 
SnO, and 22-921 p. c. of NaO. This would make Sagnfig^. 

But it is worthy of notice that when the precipitated crystals 
are rapidly dissolved in water, heat is produced instead of cold; 
and it might be inferred from this fact, that stannate of soda is 
capable of entering into intimate combination with more water 
than is contained in the trihydrate. Thus, by the solution of a 
quantity of the pressed crystals, still damp, in a little more than 
twice their weight of water the thermometer was raised 5° C. 

Stannate of Potash. — Stannate of Potash is more soluble in 
water than the soda salt,' and cannot be, by any means, so 
neatly and easily precipitated in the solid state. 

* Storer, in bis Dictionary of Solubilities, under the heads " Stannate of Potaah' 
and '* Stannate of Soda " has collected nearly all that is known respecting these 
salts. We are there told that, according to Frcmy, stannate of soda is much mora 
soluble in cold than in warm water. To test this matter, and to reduce indefinite 
terms to exact numbers, I have made the following experiments : 

L A saturated solution was prepared by freauently agitating water with an ez* 
cess of the fine, freshly prepared crystals, in anask surrounded with snow. Itwae 
filtered in a funnel also kept at 0° C. Tlie clear liquor warmed to 15*6^ C. bad the 
sp. gr. 1*472. It contained 82*1 p. c. of dry stannate. 

TI. A saturated solution made in a room kept at lO^C. had the sp. gr. 1*448, and 
contained 81 p. c. of the dry salt, or 39 p. c. of ^a Sn ^£[3. 

III. A saturated solution was made in a flask kept in water at 20° 0. Cooled to 
15*5° 0. it had the sp. gr. 1*488. It contained 80*3 p. c. of fTa Sn. So 100 parti 
of water dissolve 67*4 parts of the crystals, &a Sn £[3, at 0° C. ; and at 20° C^ oolj 
61*8 parts, or nine-tenths as much. 

Stannate of potash shows no such anomaly, but its solubility is somewhat k- 
creased by heat. 

IV. At 10° C. a saturated solution was made with crystals of "&. dnfis formed bjr 
spontaneous evaporation in vacuo. It had tlie sp. gr. 1-618 and contained 42*8 pi e. 

•f & gq. 

y. A saturated solution made at 20° C. had the sp. gr. 1*627 and contained 43 
p. c of dry stannate of potash. 
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By using many successive portions of strong alcohol, we may 
withdraw the dissolving water and compel hasty and pretty 
complete crystallization ; and as all the precipitates subside with 
great rapidity, the whole round of operations may be carried out 
m a few hours. But while stannate of soda can be readily 
procured coarse grained, white, and of normal composition, the 
precipitated potash salt is very fine, and besides obstinately re- 
taining much of whatever organic coloring matter may have 
been present in the original solution, it is liable to come out at 
last with somewhat too much or too little alkali. 

2. A crude stannate prepared by heating strongly a mixture .of tin, 
caustic potash, and nitrate of potash, was dissolved in twice its weight of 
cold water. 400 c. c. of the clear, decanted liquor, were thoroughly agi- 
tated with 400 c. c. of alcohol of sp. gr. 0*840, and gave a dense liquid 
deposit measuring 275 c. c. This being in turn treated with 400 c. c. of 
alcohol, yielded 175 c. c. of still denser liquor. A third precipitation 
with 400 c. c. of alcohol gave a deposit with some solid matter beginning 
to appear in it 

So far a weaker spirit had been used so as to allow the impuri- 
ties to remain in solution while the stannate was thrown down. 

400 c. c. of alcohol of sp. gr. 0'820 now changed the precipitate into 
a pasty mass, which became crumbly on being stirred up again with 400 
c. c. of strong alcohol. The stannate was then gathered in stout canvass 
and subjected to great pressure. The resulting cake still contained about 
one-eleventh of an equivalent of alkali in excess, there being originally 
two equivalents of potash to one of stannic acid ; it was therefore dis- 
solved in a little more than its weight of water and submitted to another 
round of treatment with alcohol. The hard pressed final product con- 
tained 73 p. c. of dry stannate. Being spread out and exposed to the 
air for some hours, it lost all smell of spirit, and was then pure and al- 
most exactly normal. 

When greater nicety is required, such a product should be 
dissolved in a little less than its weight of water and recrystal- 
lized by spontaneous evaporation in vacuo, 

A careful analysis was made of some pure, hard, colorless, 
transparent, oblique rhombic crystals produced by this last 
method and dried by pressure in absorbent paper. It showed 

VI. A saturated solution made at about 45^ C. had the sp. gr. 1*658 and con- 
tamed 44 p. c. of £ Sn. 

Therefore, at 20^ C, 100 parts of water take up 110*5 parts of & dnfis, or nearly 
twice as much as of stannate of soda crystals. 

When there is present an excess either of alkali or of stannic ozyd, a saturated 
BolutioQ contains less of the net normal stannate. 

VIL A solution of i, Suq.q saturated at 0^ C. had the sp. gr. 1*64 and contained 
40*4 p. c of ]fc Sn. 

VIII. A solution of JCdups saturated at 0® C. had the sp. gr. 1*74 and contained 
41*6 p. c. & Sn and 6*3 p. c. of Sn O3 in excess. 

Or speaking with special reference to the oxyd of tin, we may say that its solu- 
bility increases as the amount of alkali present is diminished. 
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49430 p. c. of stannic acid, and 80*704 p. c, of potash. If we 
call the equivalent weight of tin 59^ these proportions would 
make feSnflas. The true formula must therefore be KO.Sn 
0, . 3H0. 

The specific gravity of these crystals was fonnd to be 8197. 

Metastannate of Potash. — When a dilute acid is slowly, and 
with constant stirring, dropped into a cold solution of normal 
stannate of potash, there is no permanent precipitation till more 
than three-fourths of the alkali is abstracted. The stannate diU8 
robbed of its base, remains perfectly dissolved, but has acquired 
diflFerent properties. Alcohol now gives with it not a liquid or 
crystalline deposit, but a light flocculent precipitate which, when 
it is well drained and exposed to the air for a day or two, dries 
to heavy, transparent, gum-like lumps. There is thus opened 
up a neat way to procure, in a state of purity, metastannates 
containing various proportions of alkali. 

3. A nine per cent solution of K0Sn02 was treated with enough fiTe 
per cent nitrio acid to take up two-fiflbs of the potash. When the 
liquor bad recovered its clearness, somewhat more than twice its bulk of 
alcohol of sp. gr. 0*830 was stirred in. The precipitate, after being 
washed once with alcohol, was drained on a filter and left on absorbent 

?aper till it became a transparent, exceedingly shrunken mass containing 
9 p. c. of i. Sn4.fi. This easily dissolved in twice its weight of water. 

4. In a similarly conducted experiment, the same quantity of stannate 
with twice as much acid as before, gave nearly twice as much metastan- 
nate containing 59 p. c. of £[§05.0. This dissolved in four times its own 
weight of water to a faintly opaline liquid. 

5. Some of the solution of 3 was diluted and cautiously treated with 
sufficient nitric acid to neutralize one-third of the remaining potash. The 
despoiled metastannate was then precipitated with alcohol. The final 
product consisted of &Sdi 0-6^4 and was readily soluble in water. 

It is well to dissolve the rough metastannate and reprecipitate, 
in order to get rid of the last traces of nitrate and obtain a sub- 
stance which will give a clear and mobile solution. And the 
product of the second precipitation can be advantageously freed 
from the adhering liquor by pressing it very strongly in stout 
closely woven cotton cloth. Even the first precipitate may be 
pressed, but it is much softer and the pressure must be applied 
very gradually indeed; otherwise the pulp itself will pass 
through the pores of the cloth. 

Waierglass with Stannaf^s. — As in some preliminary experi* 
ments sulphates were not perceived to exert any influence on 
the reaction of stannates with silicates, sulphates were after- 
ward purposely added, to serve as indicators of the amount of 
mother liquor retained by the precipitates. The liquid stannate 
of soda was made to contain about five per cent of sulphate of 
soda, and stannate of potash was dissolved in a weak solution 
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of potask sulphate. The waterglass was such as had been well 
purified by precipitation with alcohol. 

While treating this part of our subject we will take the form- 
ula adopted in planning the experiments, and consider silicic 
acid as SiOg. 

6. 80 g. of a solution containing 14 p. c. of NaO Sn02, were mixed 
with 32 g. of a 29 p. c. solution of Na0.2Si02, so as to have in the 
united liquors S^a^ Sn Si,. 

There was no apparent change at first, but, in the course of two days, 
it became an opaque, consistent jelly from which no liquor could be de- 
canted. 

Such were also the products in most other cases ; and at first 
these jellies proved rather intractable, for when they were sub- 
iected to quick pressure in common cotton cloth, such as had 
been used in former experiments, both liquor and coagulum 
passed through. Farther experience showed it best to let the 
mixtures stand several days to get fully gelatinized, and then 
proceed to press very gradually in thick, closely woven canvass. 
The cloth was folded over the drained precipitate and placed 
between tvro bits of pine board. To insure moderation at first, 
the boards were put under a small hand screw which was very 
slowly turned till the greater part of the clear liquor was forced 
out and the substantial portion of the coagulum was reduced to 
small bulk. The boards with their contents were then trans- 
ferred to a large press urged by the full strength of two men 
and theoretically capable of multiplying the power nearly 1200 
times. The pressed products were hard and brittle, and could 
be rubbed in a mortar to a damp powder without caking much 
xmder the pestle. The powder was generally soluble in chlor- 
hydric acid. On being ignited the cake contracted greatly and 
became opaque, but showed no sign of fusion. 

To make an analysis a weighed portion of the powder was 
treated with chlorhvdric acid in excess and dried down at a 
moderate heat. The residue digested for twenty-four hours with 
chlorhvdric acid and then well washed with water containing a 
little of the same acid, left the silica pure and in full quantity. 

Another portion of the powder was treated with nitric acid 
in excess and dried down. By washing the dry mass with 
water and igniting and weighing the undissolved matter, the 
gum of the silica and oxyd of tin was ascertained ; and a com- 
parison of this with the former determination showed the per 
centage of oxyd alone. The solution being evaporated to dry- 
ness the resulting saline matter was fused and weighed. The 
amount of sulphate in the mixed salts was found by means of 
chlorid of barium ; and then the quantity of nitrate and the cor- 
responding amount of alkali were easily calculated. 

Aml J cub. Sci.~Segond Sebies, Vol. XL, No. 119.— Sept., 1865. 
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The composition of the mother liquor was ascertained by the 
same method. Then the percentage of sulphate in the pressed 
cake, divided by the percentage of sulphate in the mother 
liquor, showed the quantity of mother liquor retained in one 
part of the cake. And finally the net composition of the curd 
was found by deducting from the gross amounts of silica, stan* 
nic acid, and alkali in the pressed cake, the quantities of the 
same substances due to adhering mother liquor. 

In the present instance the hard pressed curd weighing 24 ^ram8,eoii- 
tained 40 p. c. of mother liquor, and 38*6 p. c. uet of Sfaj SnSi^. 

7. 75 g. of a 14 p. o. solution of J?faSn were mixed with 20 g. oft 
20 p. c. sohUion of NaSig, so as to have a mixture of Sa^SnjSia. Im 
few hours it became a firm opaque jelly. After standing six days it wm 
pressed and left 24*8 g. of cake containing 34 p. c. of mother liquor and 
38 p. c. net of STasSn^ Sia. 

8, a. 60 g. of a 14 p. c. >iaSn solution were mixed with 40 g. of a 20 
p. c. solution of J^a §^3 ; so that the quantities of Sn O2 and Si O^ should 
be equal. It soon began to get opaline, and, in the course of two honn, 
made an opaque jelly, so slitf that it was not disturbed by inverting the 
dish. The hard pressed cake weighed 36*3 g. and contained 45 p. c of 
mother liquor and 36 p. c. of ^^4 S°3 Sic. 

8, b. 240 g. of a 3'6 p. c ^a Sn solution were stirred into 200 g. of a 
4 p. c. ^a Sis. In the course of two hours it formed a thin opaque jelly. 
After two days this was thrown on a cloth and much clear mother liquor 
drained out without pressure. The remainder was very gradually 
squeezed and finally hard pressed, and gave a cake weighing 31 g., which 
showed 17 p. c. of mother liquor and 36 p. c. of ^a^ §03 Sis. 

8, c. 480 g. of a 1'76 p. c. solution of J?faSn were mixed with 400 g. 
of a 2 p. c. ^STaSig solution. There was no change at first, but in the 
course of two days it formed a thin jelly. After standing six days it was 
drained, squeezed, and hard pressed, and the cake weighed 26*7 g. This 
product contained 21 p. c. of mother liquor and 36 p. c. of Sa4Sn4Si„, 

These three trials show something of the influence of dilution, 
though in the case of c longer standing had also modified the 
composition of the coagulum by increasing the amount of stan- 
nic oxyd rendered insoluble. 

9. a, A 120 g. mixture was compounded so as to contain 18 g. of ^t| 
Sn^ Si. There was no change at first, but in the course of two days it 
became a thin opaline jelly. After seven days being hard pressed it 
yielded a translucent cake weighing 8'6 g. and containing 37 p. c. net of 

S^agSoT Si, 3. 

9, b, A similar mixture was made by adding a saturated solution of 
stannate to fused crystals of silicate and evaporating till it contained 40 
p. c. of solid matter. It remained clear, and when exposed to severe 
cold showed no sign of crystallization. 

10, A mixture was made containing somewhat over 16 p. c. of 
Sag So Si2. There was no change for six weeks. 

11, a. A mixture was made so as to contain about 16 p. 0. of 
l^a^ Sd Si. There was no change for some days, but in the course of a 

month it gelatinized. 
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11, 5. A saturated Bohition of stannate was put with as much melted 
Na Si ttg as would make ^a^ So Si, and the mixture was evaporated at a 
Spentle heat till it contained 47*5 p. c. of solid matter. It remained clear 
lod would not crystallize though set out in the open air during several 
>f the coldest days of winter. The strong liquor bore boiling without 
ftpparent change, but when much diluted was coagulated by heat. 

Stannate of Potash with Silicate of Potash, 

12, A mixture made so as to contain 21 p. c of ^^^^^^S underwent 
30 visible chancfe in a month. * 

W m mm jm 

A mixture containing 19 p. c. of KsSoSia also remained unchanged 
for a month. 

13, a. 72 g. of a 10 p. c. solution of iSn were mixed with 60 g. of 
12 p. c ^Sia, so as to bring together about equal weights of SnO^ and 
SiOg. There was no perceptible alteration for a day, but in three days 
Lt became a thin transparent jelly. After standing a week it was squeezed 
gradually and then hard pressed. The transparent product weighed 28 
gr. and contained 39 p. c. net of ]^6^"4 ^hs. 

13. b. 288 g. of a 2*5 p. c. 4Sn solution were mixed with 240 g. of 3 
p. 0. tSis. It remained apparently unchanged for a week. In the course 
of the second week it became gelatinous, but no liquor could be pressed 
out. At the end of three weeks it had fully coagulated, and being now 
hard pressed it gave a translucent cake weighing 23 g. This contained 
17 p. c. of mother liquor and 40 p. c. of ^eSne ^h** 

14. 77 g. of a solution containing 15 p. c. of ]fcSn, were mixed with 
33 g. of a 20 p. c. solution of & Sis, so as to make in all ^-3 Sn, Sig. It 
underwent no noticeable modification for some time, but in two days it 
formed a firm, slightly opaline jelly. After standing a week, it was hard 
pressed and yielded a mass weighing 28 g. and containing 38 p. c. net 
of 44 Sn, Si,. 

Metastannate of Potash with Potash Waterglass, 

16. 20 g. of a 10 p. c. iSig liquor were mixed with 20 g, of a solu- 
tion containing 10 p. c. 4804,4. There was no change far some time, 
but in the course of 17 days it thickened. The hard pressed solid part 
weighed 6'5 g. 

16. 10 g. of a 30 p. c. solution of 4 Sis were stirred into 10 g. of a 
24 p. c. solution of K So 5.3. It soon got a little thicker but did not gel- 
atinize at all. 

Weaker solutions of the same metastannate and silicate, were mixed 
with similar results. 

17. 10 g. of a 10 p. c. 4Si3 solution were put with 10 g. of a 10 p. c 
£§07.5 ; no immediate change. In the course of 10 days it gelatinized, 
and when hard pressed it gave a cake weighing 4 g. 

18. 20 g. of a 16 p. c. solution of 4 Sis were mixed with 20 g. of 16 
p. c. 4 So 10*6. It continued unchanged a month, but at length gelatin- 
ized. 

A comparison of all the experiments from which this selection 
has been made, brings to light nothing definite or uniforn^i iu 
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the products of the reaction of staD nates with silicates. The 
strange looking quasi formulas here used to show their compo- 
sition by equivalents instead of per centages — like the similar 
expressions employed for the precipitates described in Parts III 
and IV, — would be altogether preposterous, were they intended 
for anything more than compact and readily collatable expres- 
sions of the results of analyses. In vain do we search for any 
principle that will enable us to assign a rational constitution to 
substances which derive their unlimited variety of compoei- 
tion from mere accidents of dilution, purity, temperature, and 
of time allowed for segregation. Many picked instances, like 7, 
8 a, and 9, might countenance the supposition of a tendency to 
the formation of an exact silicate of tin SnO, 2SiO,, united 
with diflRerent proportions of alkali. But such hasty generaliza- 
tion is checkea by an enlarged view and more particularly by 
the special test experiments, 8 a, J, c. All that seems to be 
predicable of the reactions is that mixtures containing as many 
equivalents of alkali as the sum of the equivalents of SnO, and 
SiOj, are likely to undergo little or no change at the common 
temperature of the air; but when the mixture contains less 
alkali, gelatinization will occur in a few hours or days ; and the 
curd will be greater in amount according as the strength of the 
liquors put together is greater, and as the total proportion of 
alkali is less. 

The segregated matter retains the alkali with no little force, 
for when the air-dried precipitate is washed with water a part 
indeed of the alkali is removed, but the greater portion remains 
obstinately in combination* 

19. Some of the cake of 13 a, was reduced to powder and kept orer 
lumps of caustic soda eighteen days. The dry powder was well washed 
with cold water. The air-dried residue amounted to 42 p. c. of the 
quantity of fresh cake taken, and contained 78*6 p. c. of 4KO.4Sn0^. 
13SiO*. Only one- third of the potash bad been washed out. 

It is difficult to ascertain whether the fresh undried cake may 
undergo dissociation in any greater degree; for if we attempt 
to wash it, though a part settles, the supernatant liquor remains 
milky a very long time, and the suspended matter cannot be 
separated by filtration, as it readily goes through the pores of 
the paper. 

After seeing how a deficiency of alkali facilitates the coagula- 
tion of a mixture of stannate and silicate, we should hardly ex- 
pect to find metastannates so slow in producing any effect on 
waterglass. But metastannates are eviaently not mere polyacid 
stannates, and a higher degree of compatibility is the less sur- 
prising when we consider the many points of resemblance be- 
tween metastannate of potash and waterglass itself. Both are 
uncrystalliaable «tnd dry to transparent gum-like masses, indefi- 
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nitelj soluble in water. Both are precipitated by alcohol with 
partial decomposition, and indeed in both the acid and base seem 
to be in a state of association rather than of strict chemical com- 
bination. The following experiments, illustrating this point, 
may be compared with the similar trials of silicates mentioned 
in Part III : 

20. 360 g. of a solution containing 6 p. c. of ^§04.4^ were mixed with 
860 c. c. of alcohol of sp. gr. 0-840. After two washings with alcohol, 
the flocculent precipitate was collected in a cloth and hard pressed. The 
thin translucent^ hrittle cake, after twelve hours exposure to the air, 
weighed 24 g. and contained 82 p. c. of K^ 807.4. It was dissolved in 9 
parts of water and treated with alcohol as before. The second precipi- 
tate when pressed and aired contained 81 p. c. of feSng.,. The third 
precipitate contained 80 p. c. of fiiSng.g. The product of a fourth pre- 
cipitation showed 81 p. c. of feSng.g. The fifth precipitate contained 82 
p. c. of feSn,o.5- And the sixth product was readily soluble in water 
and showed 72 p. c. of tani 1.4. 

21. 60 g. of pressed crystals of stannate of potash were dissolved in 
water, so as to make GOO c. c. 200 c. c. of 6*4 p. c. nitric acid were 
stirred in, and, when the liquor had recovered its transparency, 1700 c. c. 
of alcohol were added. After one washing with alcohol the pultaceous 
precipitate was very gradually squeezed and then hard pressed. After 
some hours exposure to the air, the cake weighed 27 g. and contained 79 
p. c. of 1 805.2. It was dissolved in 9 times its weight of water and 
treated with alcohol. The second flocculent deposit hard pressed and 
dried in the air, contained 80 p. c. of fesng.s. The precipitation was re- 
peated many times, and finally the tenth product, weighing 6'6 g., waa 
not entirely soluble in water. The soluble part contained tSni,.4, and 
the small insoluble residue had nearly the same composition. 

Metastannate of potash is also thrown down as such by many 
potash salts ; and here too, as with waterglass, the acetate and 
the chlorid prove most efficient. 

22. 25 g. of a solution containing 21 p. c. of ^§04.4 were mixed with 
25 g. of a 20 p. c. KCl solution. The very bulky deposit after being 
squeezed and subjected to hard pressure, weighed 6*4 g. It contained 28 
p. c. of mother liquor and 64 p. c. of iSn,.,, and was readily soluble in 
water. 

23. 40 g. of a 9 p. c. solution of fi: Sn,.^ mixed with 40 g. of a 10 
p. c solution of acetate of potash gave a precipitate that compressed to 

4g. and contained 68 p. c. of feSng-i. This was wholly soluble in 
water. 

Carbonate, sulphate, chromate, or nitrate of potash give a 
precipitate after a time when added in inconsiderable quantity 
to the metastannate ; but neutral stannate, of whatever strength 
and in whatever quantity, has no effect upon a metastannate so- 
lution. 

On account of the insolubility of metastannate of soda, soda 
Baits soon disturb a solution of metastannate of potash. Thus a 
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liquid containing 10 p. c. of feSng.., became opaque with its own 
weight of a 2 p. c. solution of SaO. A much less quantity of 
sulphate of soda sufficed to produce the same effect. A soda 
salt therefore affords a test of the presence of metastannate in a 
stannate of potash solution, but the liquors must not be too con- 
centrated. 

Fremy says that stannate of potash is precipitated from iti 
solution by almost all soluble salts, and even by salts of potash, 
soda, and ammonia. He must have operated with liquors tbtt 
had been kept too long and had thereby become contaminated 
with metastannate ; for my own experiments afford no confirm- 
ation of his statement as far as potash and soda salts are con- 
cerned. On the contrary I have not found these salts to have 
any effect at all on solutions of fresh and really normal Stan- 
nates of potash and soda. Stannate of soda when mixed with 
a neutral salt, does indeed become turbid by standing some time, ■ 
but so does the diluted stannate without any addition. j 

Indefiniteness of composition pertains to the metastannates in 
no less degree than to waterglass. Fremy once assigned the 
formula* K0.2Sn30g+5HO, but afterward settled down on 
KO . Sn^O, 0+4HO, and thus gives his reasons for the change:* 

''Jepr^parais autrefois les metastannates en faisant bouiller 
de Tacide metastannique avec des alcalis, et en precipitant oea 
dissolutions par I'alcool; j'ai reconnu recemment que pendant 
Tebullition, une partie du metastannate se transforme en stan* 
nate; en traitant ensuite la liqueur par Talcool, je pr^cipitais un 
melange on peut-etre une combinaison de stannate, et de meta- 
stannate, etc.'* 

" C'est ainsi que j'avais 6\^ conduit a repr&enter I'acide meta- 
stannique par la formale Sug Og. Mais je prepare actuellement 
des metastannates qui ne pen vent contenir de traces de stan- 
nates; aussi leur analyse donne-t-elle toujours un equivalent 
d'acide metastannique repr&ent^ par la formule Sn^ O, q." 

Fremy's later method of preparing a metastannate which 
should contain no stannate, was to dissolve metastannic acid in 
caustic potash and precipitate the combination by adding to the 
solution bits of solid caustic potash. The precipitate was dried 
by absorption on unglazed porcelain. But it can hardly be pos- 
sible by mere absorption to get a soft, pulpy substance, entirely 
free from so thick and dense a mother-liquor as the caustic pot- 
ash would make. Fremy made five analyses which came out 
very nearly alike, as might indeed well happen so long as the 
products analyzed were made in just one way and by one indi- 
vidual. But the tacit assumption that none of the 10*5 to 10*9 
p. c. of potash found, was due to retained mother liquor, is man- 
ifestly gratuitous. Nor was there any good reason for suppos- 

■ Annales de Ch. et de Phys. [3], xii, 476. 
*. Id., xxiii, 895. 
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Qg that cold caustic potash exerts no modifying action on meta- 
tannate; for time often brings about in part what heat eflPects 
•apidly and fully, and in fact I have seen an abundant preci pi- 
ate, produced by moderately strong potash liquor, disappear in 
in hoar or two with but a very slight elevation of temperature. 
Some idea of the difficulty of separating a mother liquor from a 
gam-like precipitate, may be gathered from the experiments on 
precipitated waterglass given in part IV. There we had a sub- 
stance as capable as metastannate of potash of being reduced to 
a very compact form. There we had the advantage of a mother 
liqaor much thinner and much more easily separable from the 
curd. There was also a powerful pressure effectually accom- 
plishing in a few moments, and consequently without chance of 
modification by time, what the contractility of metastannate and 
the imbibing power of porcelain could do but slowly. Yet the 
precipitated silicates retained, on an average, about thirty per 
cent of mother liquor. Due allowance being made for the 
greater density of a stanniferous compound, it certainly would 
not be making a very high estimate to say that metastannate of 
potash thrown down by potash, after as complete a drainage as 
possible, must retain not less than ten percent of strong caustic 

r>tash liquor or some three per cent of dry potash in excess. 
see no chance of actually finding out how much of the potash 
is combined and how much is free in such a case ; for if we add 
any indicator^ it would alter the conditions of the experiment. 

Hence, Fremy's formula having no fixed basis must be looked 
upon as a rather uncertain approximation to the true composi- 
tion of the metastannate made by his method. 

According to Eose,* Weber found solid metastannate of pot- 
ash to consist of KO. TSnOo+SHO. But we are not told by 
what process it was made. 

Berzelius says that one part of potash will dissolve sixteen 
parts of stannic acid, and these proportions would make about 
KO.lOSnO,. 

As to matastannates obtained by precipitation with alcohol or 
with neutral potash salts, we have found that by varying the 
conditions the composition of the products may be made to 
range from less than five up to more than seventeen equivalents 
of binoxyd of tin to one equivalent of potash. Ana Graham* 
has shown that when the alkali is eliminated by neutralization 
and dialysis, metastannic acid is itself soluble in pure water. 
Hence there is probably no limit to the possible diminution of 
potash in the still soluble metastannate. 

I have heretofore enunciated the general rule that soluble salts 
haying as bases, ferric, chromic, stannic, or other oxyds contain- 

* Poggendorff*8 Ann. Izzv, 15. 

* Repertoire de Chimie, Sept., 1864, p. 184. 
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ing more than one equivalent of oxygen to one of metal, mij 
have a large part of the acid withdrawn and still remain dis- 
solved. And now it is interesting to find that when binoxjd 
of tin is brought into solution by an alkali, a similar principle 
holds good, and the greater portion of the base may be removed 
without any immediate permanent precipitation of the acil 
Metastannate of soda, however, is but temporarily soluble, and 
is thrown down from solutions of the neutral stannate by long 
standing or by boiling. It is also soon deposited from a solu- 
tion in which the alkali of normal stannate has been partlj 
taken up by a stronger acid. These precipitates are, by no 
means, of the same composition, though they often approadi 
very closely to the proportions required for Na0.5SnO,. 

24. Some purified stannate of soda that had been dried in the air and 
then kept in a well stopped bottle for two years, on being treated with 
ten times its weight of cold water, left undissolved one twenty-third of 
the tin, combined with soda enough to make NaO . SYSnO^. 

The clear liquor, by standing several weeks, let fall one-seventeenUi of i 
its tin as NaO . 4-7Su02. 

25. A ten per cent solution of normal stannate being kept 34 diji, 
deposited one-twelfth of the oxyd of tin in combination with enougk 
alkali to make NaO . 5Sn02. 

26. A ten per cent solution of NaO . Sn02 was boiled a few momenti 
and let fall one-sixteenth of its tin with some soda forming NaO . 5SnO|. 

27. A solution containing five per cent of pure stannate, by boiling 
deposited one-seventh of the tin as NaO .5'7Sn02. 

28. Boiling a two per cent solution of NaO.Sn02 caused the precipi- 
tation of over one-third of the tin and enough soda to make NaO . VSnO^. 

29. A one per cent solution of pure stannate of soda required long boil- 
ing to make a decided precipitate and the clear liquor filtered out of tha 
bulky product very slowly. The well drained gelatinous residue wu 
soluble in water and consisted of NaO.'7'5Sn02. It contained over ooe- 
half of the tin. 

30. A solution containing I'l p. c. of NaO . Sn02 and 3 p. c. of NaCl, 
being boiled five minutes, gave a dense, opaque precipitate very easy to I 
collect, drain and press. It contained one-fourth of the tin and consisted ; 

of NaO . 6-7Sn02. J 

The addition of chlorid of sodium and subsequent boiling causes a 
precipitation in a solution containing no more than O'l p. c. of normil 
stannate of soda. 

So far as is known at present, there is nothing to show that 
any one of the metastan nates more than another is entitled to 
rank as a definite chemical compound. None crystallizes ; none 
is a product invariably coming the same by several different 
ways of formation; none exhibits a plain analogy to any un- 
doubted exact chemical combination ; nor is there any point op 
to which the variation gradually decreases, and beyond which 
it gradually increases. There being then nothing certain on 
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ch a formula may be based, it seems hardly right to take 
one chance product, and, rejecting the odd parts of equiva- 
>S| to set down that product with its analysis so amended, as 
true metastannate of potash or of soda. The composition 
jubstances can not always be squared with exact atomic pro- 
tions, for there is a class of indefinites in which one of the 
stituents may admit of a large increase or diminution with- 
apparent alteration in the character of the compound. As 
world was very slow to comprehend WenzeFs proposition 
t bodies must unite in fixed and invariable proportions, so 
I it since been quite as slow to learn that there are cases in 
ich this great principle does not hold good. Wenzel saysf 
>ass eitie jede Verbindung der Kdrper, eine bestimmte und 
ireranderlich bleibende Abmessung haben muss, die ohne 
serlich mitwiirkende XJrsachen weder grosser noch geringer 
rden kann, weil sonst auch nichts gewisses aus ihrer Ver- 
ichung bestimrat werden kdnnte, ist schon an sich klar. Es 
jt daher nothwendig, dass eine jede mdgliche Verbindung 
ever Kdrper, mit jeder andern bestixndig in dem genauesten 
rtaltnisse stehet, und dieses Verhaltniss driicket den Grad 

• Verbindung aus." That the constitution of bodies is deter- 
Qate and unalterable, is hardly self evident, and indeed it is 
latter to be proved by the balance rather than by mere rea- 
ling. It is true that the confirmatory instances have been 
;nd to be numberless. Still a great many do not necessarily 
ke all, and a single negative example is sufficient to disprove 
jolute universality. Wenzel himself, while laying the sure 
indations of chemical science, fell in with some of the indefi- 
es and thus unwittingly furnished some negative instances, 
J proceeded to determine the equivalents by neutralizing the 
ids with different bases, and worked correctly so long as those 
ses were protoxyds. But such a method is as little applicable 
alumina and similar peroxyds as it is to bone earth, — "Elfen 
dnerde," — which he reckoned among the simple bases. So 
ter attempting to saturate nitric acid with alumina, he con- 
uded that" "Das Verhaltniss der Alaunerde zum starksten 
idpetersauern, ist also beynahe .... wie 349 : 240." Instead 

• forming the normal nitrate Wenzel in this case must have 
)l the soluble basic SAl^Og . 2NO5, and stopped at a supposed 
It not real limit of solubility. 

Cases of indefinite combination are not unlike those of solu* 
)n in which such things as gum or albumen are concerned, 
bese may unite with water in all proportions, while most crys- 
ilizable substances dissolve, at any given temperature, until 
e liquid contains a certain percentage of solid matter, — a per- 
ntage which is exactly definable for each particular salt. In 

^ Lehre yod der Verwandschaft der Korper. Dresden, 1782. p. 4. 
• Idem, p. 118. 

If. JouB, SoL-^Edomy Sjbbies, Vol. XL, No. 119.— Sept., \%». 
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the phenomenon of fusion too, though almost all bodies liquefy 
at a temperature which is invariable and exact for each, yi 
there are a few substances that pass through an intermediate 
state of softening before fully melting. In fusion as well as in 
solution, abrupt transition from the solid to the fluid state is the 
general rule ; and yet, as everybody allows, it is not the uni?e^ 
sal law. And why should we be over-reluctant to admit the 
possibility of some instances of chemical union in indefinite pro- 
portions ? 

Normal Silicate of Soda, — The only alkaline silicate certainly 
known to be crystallizable, contains two Berzelian equivalents 
of silicic acid, SiOg, to three equivalents of soda. Eespecting 
the amount of water in this salt, analysts do not agree; and as 
the several observers have examined crystals obtained by unlike 
methods, there may possibly be three or more hydrates produci- 
ble under different conditions of temperature, concentration, and 
purity. 

Fritzsche" produced a salt in the form of square prisms, by 
dissolving in caustic soda lye a quantity of silica equal to that 
of the dry soda present, and allowing the solution to rest several 
days. The bruised crystals freed from mother liquor by pres- 
sure between folds of absorbent paper, gave him amounts of 
silica and chlorid of sodium corresponding to NaO.SiOj.OHO. 
These crystals melted at about 40° 0. Kept over sulphurio 
acid they in time effloresced (verwittert) to the center. 

Fritzsche says that he once chanced to obtain globular masses 
studded with minute crystals and having the composition NaO. 
SiOj . 6H0 ; but he had never succeeded in determining the con- 
ditions of their formation. 

Yorke " fused 23 parts of sand with 54 parts of dry carbon- 
ate of soda, dissolved the resulting mass in water, ana exposed 
the solution to slow evaporation in vaciw, over sulphuric acid. 
The rough salt was recrystallized in vacuo, to get rid of the ex- 
cess of carbonate, and the pure product was found to have the 
composition NaO . SiO^ . 7H0. He also obtained crystals of the 
same composition from a solution of silica in caustic soda. 

Yorke found these crystals to part with all their water, except 
a fraction of one per cent, by exposure to a heat of 149^ C. 

Hausmann" says that in the purification of rough soda, lie 
mother liquor has often yielded him, in large quantity (manch- 
mal centnerweise), rhombohedral crystals of silicate, permanent 
in the air, and having the the composition NaO.SiOj .8H0. 

Ammon " also obtained the octonydrate in the form of mono* 
clinic crystals, by dissolving silica in soda lye. They fused al 
46^0. 
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• Popg. Ann., xliii, 136. 
" Erdmann's Journal, xii, 294. 
Will and Kopp's Jabreabericht, lft^^»^.\^^. 
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I have found the same melting point, and have made several 
analyses which invariably go to confirm the formula given by 
Hausmann and by Ammon. Thus in one case the pure, care- 
fully dried crystals, by suitable treatment with nitric acid, gave 
22'74 p. c. of SiOa, and nitrate corresponding to 23*66 p. c. of 
NaO. Another portion of the same sample being heated with 
fused bichromate of potash, lost 54*13 p. c. 

The percentages answering to NaO.SiOg .8H0, would be 
22 55 of SiO^, 23-31 of NaO, and 54*14 of HO. 

The pure salt may be very easily made with the dense liquid 
which alcohol throws down from a cleansed solution of the com- 
mercial silicate,^' ]ffaSi2.2 5. When such a precipitate is stirred 
up with an equal weight of caustic soda liquor of sp, gr. 1*32 
considerable heat is evolved, and if the mixture is set in a cold 
place, it begins to crystallize in a few hours. The first crop 
should be dissolved in a little water and recrystallized. We 
thus get a clear, hard salt permanent, except in presence of car- 
bonic acid. And to avoid the action of this gas existing in the 
atmosphere, it is well to dry the broken up crystals in a closed 
space over lumps of caustic soda or lime, and keep them in a 
tightly stopped bottle. But as in cold weather both the forma- 
tion of the rough salt and its recrystallization may be carried 
out in forty-eight hours or less, the absorption of carbonic acid 
by the dense solution, is too slight to aftect the purity of the 
crystals deposited. Crystallization in vacuo is a needless refine- 
ment; and spontaneous evaporation is in any case unnecessary, 
for as long as the alkali is slightly in excess, a weak solution 
can just as well be rapidly concentrated by heat. 

Ammon attempted in vain to crystallize the potash salt and 
to form a double s'ilicate of potash and soda. 

All my own efibrts to produce crystals of potash silicate have 
thus far proved unavailing, though I have exposed very con- 
centrated solutions, for many days, to the extreme cold of winter. 
Berzelius fixed on SiOg as the constitution of silicic acid, 
principally on account of an assumed analogy between feldspar 
and alum ; and there would be some show of reason for such 
an assumption, if feldspars contained twenty-four equivalents 
of water and were the only known combinations of protosili- 
cates with sesquisilicates. But the numerous well characterized 
fiiliceous minerals are an intractable set of compounds, what- 
ever theory we adopt, and any formula for silica which gives 
conformity to one class, makes other species altogether anoma- 
lous. Why should we slight the plain guidance of the simple 
silicates and selecting feldspar, — a complex, anhydrous combina- 
tion, — presume on its resemblance to a double sulphate which 

" See Part III, this Journal, xxxiii, p. 34. In the 18th line from the bottom of 
that page, it Bhould read, " add to the filtrate two parts of alcohol/' instead o/ 
'* twenijr parts." 
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crystallizes only as a hydrate ? Why should we pay so Utile 
regard to analogy as to write ]§ra 331,624 and CajSi, for sob- 
stances as definite as crystallization can make them, when sodi 
and lime are not known to form any other unqaestionable basic 
salts? If we attribute to silica a composition similar to that of . 
carbonic acid, the monosilicates CaSi, lilgSi, AnSU CuSi, and the 
basic silicates Mg^S'h ^oaSi, lil^LnaSi, and CuaSi, will be no longer 
unparalleled ; and though some minerals will show a composi- 
tion unlike that of artificial salts, most of the double silicates 
will have far less strange looking formulas. 

In the gum-like compounds of acid and base, crystallization 
can take place only when the colloid constituent is reduced to 
the normal quantity. Thus the sesquinitrates of glucina, iron, 
and chrome may form crystals when there is a full amount of 
acid present ; but an excess of base utterly prevents crystalliza- 
tion. We have seen also that the stannates can remain staD- 
nates only while there is no lack of alkali. Now if we add 
caustic soda to waterglass, the mixture becomes capable of af- 
fording crystals just so soon as the quantity of soda very slightly 
exceeds that of silicic acid, and no sooner. Fair analogical rea- 
soning would lead to the belief that then, and not till then, had 
we come to the proportions of the normal salt. 

Thermic Relations of Waterglass^ — Another argument for the 
formula SiOg, though not of itself a perfectly conclusive one, 
may be drawn from the behavior of waterglass when mixed with 
caustic alkali. Taking a ten per cent solution of soda, which 
is too weak to become sensibly warm by mere dilution, if we 
add half an equivalent to an equivalent of Na02SiO,, the tem- 
perature immediately rises. Another half equivalent of alkali 
causes the evolution of somewhat less heat th^n before. A fiu^ 
ther addition of soda, is not, indeed, entirely without effect,— as 
Thomsen " also observed with respect to silicic acid as well as 
phosphoric and boracic acids, — yet the elevation -of temperature 
is now so very slight that we must consider the silicate as hav- 
ing already reached the composition of the normal salt. As 
NaOSiOg shows a capability of evolving much heat with soda, 
it must be an acid salt, and that cannot be its true constitution. 
Trials of mixture were made with two thermometers graduated 
to fifths of a degree Fahrenheit. 

31. 110 g. of a solution containing 47 p. c. of NaO . 2'37Si02 at 64'4* 
F., were mixed with 212 g. of a 10 p. c, caustic soda liquor at 64'2°, m 
as to make NaO.Si02. The thermometer was raised to 71 •4*, making 
a rise of 7-8° F. 

82 «f. 1 1 g. of 47 p. c. NaO . 2-4Si02 ^^ 61-5* F. were mixed with 
90 g. of 10 p. c. NaO at 61-7° to form NaO . 1 :5SiOu or NaO . SiOj. Tie 
thermometer rose to 71 •4®, making an increase of 9-8® F. 

4. Xhe 200 g, .<tf a at 66-2^ F. were mixed with 122 g.of 10 p. e. 

" Fogg. A!Dna\eii»XQ;v%Q,^^\. 



/. M, Ordway on Waterglass. 189 

N'aO ftt 64*9% so as to produce NaO .Si^. The thermometdr then stood 
at 67-3% making a rise of 22* F. 

c. Some of the neutral silicate of b at 64*6° F. was mixed with half 
its weight of a 10 p. c. soda solution at 64*9^. It rose to 65*4% making 
an elevation of O'V® F. 

Reckoning the increase in each case as affecting only the original 110 g. 
of silicate, the rise in 30 would be 21*37° F. In 32 a, it would 1^ 
17-82**, and in b it would amount to 3-64*', or in both together 21-36^ 

In 82 c it would be only 1*06^ 

This heating by no means arises from simple condensation, 
for dilution of the sarae waterglass with mere water, causes even 
more contraction. Thus : 

33 a, A narrow necked 100 c. c. bottle containing 60*616 g. of 47 
p. c Na0.2*4Si02 of sp. gr. 1*658, was cautiously filled up with water. 
It was then closed and well agitated and there was a striking decrease 
of volume. Water was added once or twice with farther agitation till it 
stood at the right level at the normal temperature. 68*88 g. of water 
bad been put in, and the sp. gr. was now 1*474. Calculation shows that 
instead of 100 c. c, it should have measured 101*36 c. c. So the con- 
traction amounted to 1*34 p. c. 

b, 110 g. of the 47 p. c. waterglass were mixed with 90 g. of caustic 
soda liquor of sp. gr. 1*164. The sp. gr. was now 1*363, and therefore 
the contraction amounted to 0*8 p. c. 

c. The liquor of b being farther diluted with 126*2 g. of caustic soda 
liquor, the whole bulk was diminished 0*6 p. c. 

The total contraction in both mixings amounted to 0*96 p. c. of what 
the aggregate volume should have been. 

Though condensation results from the dilution of waterglass 
with water, it is a remarkable fact, and, as far as I can learn, one 
that has hitherto remained unnoticed, that there is at the same 
time a positive reduction of temperature. 

34. 110 g. of 47 p. c. of NaO . 2*4Si02 at 63*6° F., were mixed with 
90 g. of water at 63-4°. The temperature fell to 61*9°, making a fall of 
1-6** F. 

36 a. 100 g. of 47 p. c. NaO . 2*4Si02 at 66-2" F. were mixed with 
50 g. of water at 66°. It got down to 65*l^ making a fall of 1** F. 

b. These 160 g. cooled to 60*1° were mixed with 60 g. of water at 
60°. The thermometer then stood at 69*2°, making a fall of 0*87° F. 

c. The 200 g. of 6 at 61*3° were mixed with 60 g. of water at ei*4\ 
It fell to 60*86 making a fall of 0*46° F. 

Bringing all to the same standard by reckoning the reduction of tem^ 
perature as concentrated in 100 g., the fall in a would be 1*6°; in b^ 
1-74°; in c, 1*12°; and in 34 it would be 2*9° F. 

It needs a more extensive examination than has yet been 
made, to show whether this unaccountable behavior is peculiar 
to waterglass. Metastannate of potash is neither heated nor 
cooled by dilution. Nor is the treatment of the metastannate 
with caustic potash liquor attended with any more elevation of 
temperature than might be due to the precipitation which i^esults. 
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This latter fact, as well as the slight solubility of metastan- 
nate in caustic potash, shows that metastannate of potash is very 
slow to combine with more alkali. Still farther illustrations of 
this point will be given when we come to treat of the silicates 
of lime. The so-called metastannate is therefore rightly named, 
and is not an acid salt nor an unsaturated stannate. And, by 
contrast, the great avidity with which waterglass unites with 
more base, goes to prove that the silica in it is not a metacid, 
but is of the same kind as that in the normal, crystallized sili- 
cate of soda. 

Mandiester, ST. H., April 29. 



Art. XIX. — Specuhtions upon a possible method of determining the 
distance of certain variably colored Stars ; by Joseph Whartoit. 

Arago conceived the idea of testing the correctness of the 
corpuscular or emission theory of light by subjecting two rays 
of diflEerent velocities to the same refracting influence ; for, as that 
theory explained refraction to be due to retardation of velocity 
caused by the molecular attraction of the refracting medium, 
rays entering the medium at different velocities should be diflfer- 
ently refracted. To get rays of different velocities, he took light 
from a star toward which the Earth in its orbit was moving, and 
from another star which the Earth was moving away from. 
Supposing the ray to strike the Earth from the first of these 
stars at the real velocity of light plus the velocity of the Earth, 
and that from the other at the real velocity of light minus that 
of the Earth, Arago had two rays entering his refractor at 
velocities differing by about joVtt* Arago found no difference 
in the refraction of his two rays, and his conclusion thence 
derived that the corpuscular theory of light is untenable, has 
been generally accepted ; this experiment having in fact been 
frequently quoted as one of the props of the adverse, or undu- 
latory, theory. 

It seems, however, rather surprising that any great weight 
should be attached to an apparent disproval, by a single test, of 
one merely imaginary function of corpuscular light, especially 
as the test itself is utterly fallacious; for who shall say that 
retardation by attraction is the only possible means by which 
.emitted light could be refracted ? and how can we know that the 
two stars selected by Arago had either no proper motion of their 
own, or none of a sort to affect his result ? 

Perhaps the only cases in which we can be sure of receiving 
star-light of absolutely different velocities are those of such 
binary stars the plane of whose orbit is not at right angles with . 
the line from thence to the Earlla. WVi^ii that line lies in the 
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)lane of such an orbit, and the two stars are situated at right 
ingles to that line, it is clear that the velocity of the rays reach- 
ing us from one star exceeds that of the rays from the other by 
double the speed of those stars in their orbit. That light reaches 
08 at various velocities from all the various stars is of course as 
certain as that they have proper motions, or that our solar 
system is moving through space; but the difficulties in the way 
of gaining any accurate comparison of those velocities are very 
great. 

In reflecting upon the undulatory theory of light I have been 
quite unable to conceive how the luminiferous aether could 
" tremble laterally*' as the phrase is, causing vibrations transverse 
to the line of propagation, without a direct relation existing 
between those lateral vibrations and the forward impulses by 
which the phenomena of light are translated. The aether being 
continuous and material and elastic, being in a word capable of 
sustaining a vibration, a vibratory impulse in it at right angles 
to the course of a ray of light seems fairly comparable to a 
lateral displacement of a point in a rope, or to the merely verti- 
cal vibration in a water wave not of translation, or to the vibra- 
tion of air by a sound, all of which vibrations produce (we may 
almost say are) longitudinal undulations. 

But if the lateral vibrations of the aether produce the onward 
propagation of the ray, then the number of lateral impulses in a 
second equals the number of forward impulses arriving in a 
second at a relatively stationary point, and as it is established 
that the number of lateral impulses varies according to the color 
of the light, so the number of forward impulses striking a rela- 
tively stationary point — say a retina — must vary with the color 
of the light; and if the source of light, instead of being at a 
constant distance, should rapidly approach the retina, the latter 
must receive a greater number of impulses per second, and its 
impression of color therefore must be correspondingly modified. 
If the retina and the source of light rapidly separate from each 
other, the number of impulses striking the retina must on the 
other hand be diminished, producing the corresponding change 
in the perceived color. 

Now, if we imagine a star emitting white light to approach us 
in an orbital movement at a sufficient rate of speed, its light 
should appear to us reddish, changing at the perigee into white, 
changing again into blueish as the star departs, and again into 
white at the apogee. There are, however, variable stars whose 
colors undergo exactly those changes, viz: passing from one 
color to its complimentary, and back again, with periods of white 
light intervening. The binary stars, whose colors are frequently 
complimentary to each other, should, under the proper circum- 
stances, exhibit the same circuit of change, but I am not pre- 
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pared to say that they do so in any o^ae : it is in fact asserted 
that the larger star is usually red and the smaller one blue. 

Supposing this train of thought to be sound, and that by ex- 
tremely careful observation a difference could be detected in the 
position of a variably colored star when it appears red, from its 
position when blue, we should then be upon the track to calcu- 
late its distance. We should need to know the differing rates of 
light impulses required to produce the observed colors, the time 
occupied by the star in passing from one extremity of its course 
to the other, and the angular distance between those extreme 
positions. Let us assume that such a variably colored star has 
been found, which has a measurable change of position in one 
line, in other words the plane of whose orbit coincides with our 
line of vision, and let us assume that its extreme colors indicate 
a difference in the rate of arrival of light impulses (or in other 
words a difference in the velocity of the light arriving from that 
star at the two periods), equal to 2y, then the actual speed of the 
star in its orbit = v and as the orbital period of the star has been 

V X, t 
found =<, it follows that » , ...^ is the real length of that diame- 
ter which is the measured angular distance between the two 
extreme positions of the star. Knowing the angle, and the 
length of the base which subtends it, we have the distance of 
the star. 

If a pair of binary stars could be found whose colors alter- 
nate, and which alternately eclipse each other, the matter would 
be simplified by so much as accurate measurement of the angle 
of parallax would be facilitated. 

Should it be objected that no such binary stars have been 
observed, and that no change of position has been noticed in 
any single stars of variable color, I can only reply that possibly 
it may be worth while to direct attention to those points. 

Should it be said that this hypothesis of the cause of variable 
color in stars would oblige us to believe that rays of different 
colors are propagated at different velocities, and that this whole 
suggestion is valueless until those velocities have been deter- 
mined by direct experiment, I answer that very probably rays 
of different colors have different velocities, and that to deter- 
mine them would be a most important achievement. 

To conclude, I offer the analogy of the changing tone of a 
locomotive whistle as you rush past it on another train. Here, 
as you approach the sound, its impulses reach you more fre- 
quently than if its source, and you, were at rest. At the instant 
of passing, you receive the normal number of impulses, and 
after passing the impulses reach you less frequently. The shrill 
shriek, the real tone, and the low roar in this case are facts which 
I suppose to be parallel to the red, the white, and the blue light 
of & 8tax moving swiftly, tral to^s^id, wi3l xJcistL ItQtJx x\a. 
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RT. XX. — Contributions to the Chemistry of Natural Waters ; by 
T. Sterry Hunt : of the Geological Survey of Canada. 

III. 
Chemical and Geological Considerations, 

niTENTS OF Seotions.— 52, salts of alkaline metals, proportion and sources of pot* 
aah ; 63, potash in a borax lake, in the primitive sea ; 54, salts of lime and 
magnesia, relations of chlorids and carbonates ; 65, solubility of earthy carbon- 
ates; 66, super-saturated solutions of carbonates of lime and magnesia ; 67, salts 
of barium and strontium, solution of their sulphates; 68, iron, manganese, alu- 
mina and phosphates ; 69, bromids and iodids ; the small portion of bromine and 
the excess of iodine in saline springs as compared with the modern ocean ; 60, 
probable relation of iodids to sediments; 61, sulphates, their elimination from 
waters; 62, water holding a soluble sulpiiuret; 63, borates, their detection and 
determination; 64, analysis of a borax water from California; 65, carbonates, 
their amounts in the Caledonia waters ; 66, intervention of neutral carbonate of 
soda; 67, deficiency of carbonic acid in waters; 68, reactions of various waters; 
69, silica, its source and its proportion ; 70, its condition ; formation of silicates ; 
71, organic matters; 72, geological position of the waters here described: 73, 
succession of Paleozoic strata ; lithological relations of successive formations ; 74, 
Quebec group, its waters ; 75, sources of various classes of waters ; 76, their 
relatioQ to the formations ; 77, association of unlike waters, changes in consti- 
tution ; 78, temperature of springs, thermal waters ; 79, geological interest of 
the above analyses ; possible results of the evaporation of these springs ; 80, re- 
lations of mineral springi^ to folding and to metamorphism of strata; 81, on the 
supposed origin of the primeval ocean and the earliest sediments; 82, on the 
theory of metalliferous deposits. 

§ 52, Salts of the Alkaline Metals, — These salts abound in most 
aline waters, and except in the few cases in which sulphate of 
nagnesia prevails, form a large part of the soluble matters 
present. The salts of sodium are by far the most abundant, 
«id the proportion of potassium salt is generally small. The 
shlorid of potassium in modern sea- water constitutes three or 
four hundredths of the alkaline chlorids, while in the brines 
from old rocks, and in saline waters of the first two classes 
alike from Germany, England, the United States, and Canada, 
its proportion is much less, sometimes amounting to traces only. 
[n the waters of classes III and IV, where alkaline carbonates 
ippear, and even predominate, the proportion of potassium salt 
Jecomes greater. Thus of the waters of the latter class (§ 45), 
be alkalies of the Nicolet spring calculated as chlorids contain 
'89 per cent of chlorid of potassium, and those of the Jacques- 
!artier 2 95; while for the St. Ours spring the chlorid of potas- 
am is equal to not less than 25*0 per cent. There does not 
owever appear to be any relation between the proportion of 
kaline carbonate and that of potassium, since tne salts from 
e waters first named are more alkaline than those of St. Ours; 
hile those of the alkaline water of Joly contain less than one 
T cent of potassic chlorid. 

kH. JouB. 3oi.— Second Sbries, Vol. XL, No. 119.— Sept., 1866. 
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The amount of this salt obtained from the water of the Otti- 
wa Biver is worthy of notice, being equal to not less than 32'0 
per cent of the alkaline chlorids, while in the waters of the Si 
Lawrence it amounts to 16 per cent* A large proportion of 
potassium relatively to the sodium has already been observed ia 
the case of many ordinary river and spring waters, and this is 
readily explained when we consider the extent to which potash 
is set free by the decomposition of both vegetal and mineral 
matters at the earth's surface. The process by which this base 
is eliminated in filtering through soils has already been explained 
in § 5. The occasional presence of considerable amounts of 
potash in sulphated mineral waters (Lersch, Hydro-chemie, p. 
346) is explained by the power of solutions of gypsum to set 
free this alkali from soils (§ 7), and also probably in some cases 
by the dissolution of double potassic salts like polyhalite. Strata 
holding glauconite, which occurs alike in Paleozoic and more 
recent formations," may also be conceived to yield potash salts 
to infiltrating waters. 

§ 53. It will be seen that the waters above noticed, in which 
the proportion of the potash to the soda is large, are but feebly 
saline, so that the real amount of potassium is in no case great 
I have, however, recently examined the water of a borax lake 
from California, which contains in 1000 parts 17*250 of solid 
matters, of which 1'818 is carbonate of potash, the remainder 
being soda-salts, carbonate, borate, chlorid, and a little silicate, 
with no sulphate (§ 64). This amount, if represented as chlorid 
of potassium, is equal to 1 963, or 11*46 per cent of the alka- 
lies calculated as chlorids. The amount of potassium salt in 
this water is consequently about forty times greater than in that 
of St. Ours. 

The fact of special importance as regards the alkaline metals 
in the waters whose analyses we have given in this paper is the 
very small amount of potassium in the strongly saline muriated 
waters of the first three classes, which we conceive to be more 
or less directly derived from the waters of the ancient ocean. 
To this primeval sea, almost destitute of potassium, the process 
of mineral decay has been for ages adding potash salts, and 
despite the partial elimination of these by vegetation (§ 5), and 
by the formation of glauconite, we find a notable proportion 
of potash in the waters of the modern ocean. 

In the analyses of the saline waters here given lithia was 

» T. S. Hunt, (L., E. and D. Phil. Mag., [4], xiii, 289); and Geology of Canada, 
page 665. 

^ For a notice, with analyses by the author, of a green hjdrated silicate of 
alumina, iron and potash, allied to glauconite, from the Paleozoic rocks of Canada 
and of tlic Mississippi valley, see the Geology of Canada, pages 487, 488 ; 'whera 
alik> will be found an analysis by the author of the glauconite from the Cretaceou 
formation of New Jersey. See also this Journal, [2], zioEiii, 2^1, - 
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Bought for in a few instances, and was detected in the waters of 
Varennes. Most of these analyses were made before the discov- 
ery of the new metals caesium and rubidium. 

§ 54. Salis of Calcium and Magnesium. — We have to consider 
under this head the relations both of the chlorids and the car- 
bonates of these bases. Ihe bitter saline waters of the first class, 
although containing large quantities of chlorids of calcium and 
magnesium, are, as we have seen, generally destitute of earthy 
carbonates. These latter, however, are found in small quanti- 
ties in the alkaline waters of the fourth class, and in somewhat 
larger amounts in those intermediate waters which form classes 
II and III, and are apparently formed by admixtures of the two 
classes previously mentioned. Besides the carbonates of lime 
and magnesia which the waters of the fourth class hold in solu- 
tion, the carbonate of soda which they contain gives rise, by its 
reaction with the chlorids of calcium and magnesium, to addi- 
tional quantities of the carbonates of these bases. In the waters 
of Kingston (§ 36), a large amount of chlorid of calcium is as- 
sociated with earthy carbonates, and these waters thus offer a 
passage from the first to the second class. 

In most of the waters of the second class, as will be seen 
from the table § 42, there appears but a small amount of chlorid 
of calcium; and even this depends upon the manner in which 
the analysis has been conducted. We may suppose in the recent 
water such a partition of bases between the chlorine and the 
carbonic acid that chlorid of calcium, chlorid of magnesium, bi- 
carbonate of lime and bicarbonate of magnesia co-exist. When 
such a solution is submitted to evaporation at ordinary tempera- 
tures, provided there is present a sufiicient amount of chlorid of 
calcium, carbonate of lime alone is deposited, and chlorid of 
magnesium remains in solution. 

In case the chlorid of calcium is insuflSicient, the lime is still 
first deposited as carbonate, and the more soluble magnesian car- 
bonate is precipitated by further evaporation. When however 
such a water is boiled, a reverse process takes place ; the car- 
bonate of lime slowly decomposes the magnesian chlorid, and 
carbonate of magnesia is deposited, while chlorid of calcium re- 
mains in solution. Hence if the amount of chlorid of magne- 
sium be great enough, and the ebullition sufficiently prolonged, 
the precipitate will at length contain only carbonate of magne- 
sia; while an equivalent of chlorid of calcium, now found in 
the solution, represents the carbonate of lime which the analysis 
of the precipitate at an earlier stage of the ebullition would 
have furnished. 

As an example of this may be cited the analysis of the water 
of Ste. Genevieve (§ 42, No. 8), where the precipitate after a 
few minutes' boiling contained carbonates of lime and magnesia 
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in the proportion 12 : 750. When however another portion iru 
boiled down to one-sixth, the precipitate was found to be pura 
carbonate of magnesia. Again, the Plantagenet water givea^ 
by ebullition, the results set foith in §42, No. 1; showiM 
chiefly carbonate of magnesia, together with a portion of chlorid 
of calcium. When however this water is left to spontaneouB 
evaporation, the whole of the lime separates as carbonate, and 
the liquid remains for a time charged with carbonate of magne- 
sia, probably as sesqui -carbonate. This solution is, however, 
after a time spontaneously decomposed even in closed vesselB, 
with deposition of a portion of crystalline hydrated carbonate 
of magnesia; another portion remains in solution, together with 
chlorid of magnesium, but is precipitated by ebullition. (This 
Journal [2], xxvii, 173.) 

§ 55. Bicarbonate of magnesia and chlorid of calcium, when 
brought together in solution, undergo mutual decomposition with 
separation of carbonate of lime if the solutions are not too dilute. 
At the ordinary temperature and pressure, water saturated with 
carbonic acid will not hold in more than about one gram of ca^ 
bonate of lime to the liter (1 : 1000) ; equal to only 0*88 grams of 
carbonate of magnesia. (The solubility of carbonate of lime in 
pure water is well known to be much less, and is, according tor 
Bineau, equal to 1 : 30,000 or 1 : 50,000.) We should not there- 
fore expect to find that water holding chlorid of calcium in solu- 
tion would yield, by boiling, more than the latter amount of 
magnesian carbonate ; so much might evidently be formed by 
the action of dissolved carbonate of lime which the water might 
hold as bicarbonate. I have elsewhere described a series of ex- 
periments on the solubility of bicarbonate of lime both in pure 
water and in saline solutions, and have shown that the presence 
of salts of soda, lime and magnesia does not increase the amount 
of bicarbonate of lime which water is capable of holding perma- 
nenily in solution. In view of these facts it seems at first sight 
difficult to explain how a mineral water like that of Kingston 
(§ 36, No. 7), holding a large quantity of chlorid of calcium, 
could yield, as appears from Dr. Williamson's analysis, 1'287 
grams of carbonate of magnesia, equal to 1*462 of carbonate of 
lime to the liter. Eecent experiments have however shown me 
that supersaturated solutions of a certain stability may be obtain- 
ed, in which comparatively large quantities of neutral carbon- 
ates of lime and magnesia exist in the presence of sulphates and 
chlorids of calcium and magnesium. Reserving for another 
occasion a description of the details of these investigations, I 
shall briefly state the results obtained. 

§ 56. In a memoir on the salts of lime and magnesia published 
in 1859 (in this Journal [2], xxviii, 171), it was shown that by the 
addition of bicarbonate of soda to a solution holding ^ehlorids-of 
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fiodium, calcium and magnesium, with or without sulphate of 
Boda, and saturated with carbonic acid, it was possible to obtain 
transparent solutions holding from 8*40 to 4'16 grams of carbon- 
ate or lime to the liter ; of which however the greater part was 
deposited after twenty four hours; when the solutions were found 
to contain somewhat less than 10 gram in the form of bicarbonate. 
Boutron and Boudet had previously shown that by saturating 
lime-water with carbonic acid, solutions were obtained holding 
in a liter 2 3 grams of carbonate of lime ; of which one half was 
floon deposited, even when the solution was kept under a press- 
ure of several atmospheres. It would thus seem that saline 
liq[uids favor this temporary solubility of the carbonate of lime. 

In all of the above experiments an excess of carbonic acid 
was present, but this I have since found is not essential, since 
super-saturated solutions may be obtained holding as much as 
1*2 grams of carbonate of lime, together with sulphate of mag- 
nesium and chlorid of calcium, in a liter of water, without any 
excess of carbonic acid. The power of alkaline chlorids and of 
chlorid of calcium to prevent the precipitation of chlorid of cal- 
cium by carbonate of soda has already been observed by Storer, 
(Dictionary of Solubilities, p. 110). I have found that the pre- 
cipitate produced by the admixture of solutions of these two salts 
is readily dissolved, when recent, by a sojution of chlorid of cal- 
cium, or of sulphate of magnesia ; and thus liquids may be pre- 
pared holding at the same time from I'D to 1*2 grams of neutral 
carbonate of lime and 1*0 of neutral carbonate of magnesia in 
presence of sulphate of magnesia. These solutions of carbonate 
of lime, which are strongly alkaline, may be kept for twelve 
hours or more without perceptible change at ordinary tempera- 
tures, but afler a time deposit crystals of hydrated carbonate of. 
lime. The addition of alcohol immediately throws down the 
whole of the carbonate of lime in an amorphous condition. 

The carbonate of magnesia is still more soluble than the car- 
bonate of lime under similar conditions, and it is possible to ob- 
tain 5*0 grams of neutral carbonate of magnesia dissolved in a 
liter of water holding seven per cent of hydrated sulphate of 
magnesia, without any carbonic acid. These solutions, which 
are strongly alkaline to test papers, yield a precipitate by heat, 
which re-dissolves on cooling. 

It is evident that the mingling of saline and alkaline waters 
may give rise to solutions like those just described, and thus ex- 
plain apparent anomalies in composition like that of the Kings- 
ton water. See also in this connection the observations of 
Bineau, and my own on the properties of solutions of sesqui- 
carbonate of magnesia. (This Journal [2], xxvii, 173.) 

§ 57. Salts of Barium and Strontium, — As will be seen from 
the preceding tables, the salts of these two bases are found ia 
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very many of the saline and alkaline waters of Canada. Their 
carbonates probably sustain to the magnesian chlorid a similir 
relation with that of calciam, and hence these bases appear iir 
some of the analyses partly as carbonates, and partly as cnlorida 
of barium and strontium. The precipitate formed in the con- 
centrated and acidulated water by dilute sulphuric aoid wn, 
whenever submitted to analysis, found to contain both barium 
and strontium. For the separation of these the mixed solphatei 
were first converted into chlorids; the barium was then thrown 
down as silico-fluorid, and the strontium subsequently predpi- \ 
tated by a solution of gypsum. 

The insolubility of its sulphate must have excluded baryta 
from the waters of the primeval sea, and when set free, as we 
may suppose by the decomposition of its silicated compounds ex- 
isting in the primitive crust, (§ 81) its soluble bicarbonate ca^ I 
ried down to the sea would there be precipitated by the sul- 
phates present. A similar process must still go on with all the 
dissolved barytic salts which find their way to the ocean. 

The sulphate of baryta thus accumulated in sedimentary 
strata, may be partially decomposed by infiltrating solutions oif 
alkaline carbonates, and thus be rendered capable of being sab* 
sequently dissolved as carbonate ; but the most probable mode 
of its solution, is, we conceive, through its previous reduction bj 
organic matters to the form of a soluble sulphuret (§ 10), read? 
to be converted into carbonate or chlorid of barium. In this 
way we may explain the frequent occurrence of baryta salts in 
the saline waters of the first three classes, and the consequent 
absence of sulphates, which will be further considered in §61. 
From the similarity of its chemical reactions, the preceding re- 
marks apply to strontia as well as baryta. 

§ 58. IroUj Manganese, Alumina, and Phosphates, — None of 
the waters of the four classes here described contain any not- 
able quantity of iron, yet this element is never wanting in those 
waters which contain earthy carbonates. Whenever a portion 
of one of these waters, or, better, the earthy precipitate separated 
from it by boiling, is evaporated to dryness with an excess of 
hydrochloric acid, the residue, treated with acidulated water, 
yields B portion of silica, and the solution will then be found to 
yield with ammonia a precipitate. This, which is partially solu- 
ble in caustic alkalies, is often colorless, and will be found to 
consist of alumina and peroxyd of iron, with phosphoric acid 
and a trace of manganese, which latter metal is seldom or never 
absent. The smalt quantity of alumina which these waters 
contain appears not to be derived from suspended argillaceous 
matters, but to be held in a state of solution. 

The phosphates are generally present only in very small quan- 
tities in these waters, for the reason pointed out in § 5. The 
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Largest amount which I have met with was in an alkaline water 
bom Fitzroy (§ 43, No. 4) ; where it was equal to -0124 of tri- 
basic phosphate of soda in 1000 parts of water. 

§ 59. Bromids and lodids, — The chlorids in these ancient min- 
eral waters are always accompanied by bromids and iodids ; but 
the proportion of the bromids to the chlorids appears to be 
much less than in the waters of the modern seas. According to 
Usiglio, 100 parts of the salts from the Mediterranean contain 
1'48 of bromid of sodium ; while ten analyses by von Bibra of 
the waters of different oceans, give from 86 to 1*46, affording 
for 100 parts of salts a mean of 1*16 of bromid of sodium, 
equal to 1*04 parts of bromid of magnesium. The waters of 
wbitby and Hallowell, on the contrary, which are the richest 
in bromids of those described in this paper, contain only 0'54 
ind 0*69 parts of bromid of sodium in 100 parts of solid mat- 
ters; while few of the saline springs of the second class contain 
more than one-half of this proportion, and some of them very 
much less. 

With regard to the iodids in many of these waters, however, 
the case is very different. The waters of the modern ocean, as 
is well known, contain but traces of iodine, and in some strongly 
Baline springs of the first class, like that of Whitby, it is only 
in the alcoholic extract of the salts from this water that iodine 
can be detected. The Hallowell water (§ 36, No. 3), which 
closely resembles this in its general composition, and in the pro- 
portion of bromids, is however so rich in iodine that its presence 
can readily be discovered without previous evaporation. It is 
sufficient to add to the recent water acidulated by hydrochloric 
acid a little solution of starch and a few drops of nitrite of pot- 
ash to produce an intense blue color. The iodid of sodium in 
the first-named water was found equal to 00017 parts of the 
solid matters, and that of the second to 0*019, or nearly twelve 
times as much. The unconcentrated saline waters of Ste. Gene- 
vieve, of the second class also give a strong reaction for iodine ; 
and when acidulated with hydrochloric acid, without previous 
evaporation, yield with a salt of palladium an insoluble precipi- 
tate of iodid of palladium after a few hours. The salts from 
these two springs of Ste. Genevieve, though poorer in bromids, 
are much richer in iodids than the waters of Hallowell ; the 
apring No. 8, containing in 100 parts of salt no less than 0*138 
of iodine ; so that there appears to be no constant proportion 
between the chlorids, bromids, and iodids of these saline waters. 

§ 60. The relations of bromids and iodids to argillaceous sedi- 
ments have yet to be determined. It would appear from the 
facts just cited that bromine has in the course of ages been 
slowly eliminated from insoluble combinations, and like potas- 
siam, has accumulated in the waters of the ocean ; while the 
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facts ia the history of iodine seem to point to a process the v^ 
verse of this ; in other words to a graaual elimination of iodina 
from the sea- waters, and its fixation in the earth's crust. Tha; 
observations of numerous chemists unite to show the frequent 
occurence of small portions of iodine in some unknown com- 
bination, in sedimentary rocks of various kinds; from which im 
may conjecture that it was in former times abstracted fix>m the 
sea, either directly or through the intervention of organic bodiei 
(as in the case of potash, which is separated and fixed by means 
of algae, § 5). Experiments after the manner of those of Way 
and Voelcker may throw light upon this interesting question. 
We are aware that insoluble combinations of soluble chloridi 
with silicates of alumina are found under certain conditions, as 
appears in the generation of sodalite, eudialyte, and the chlorif- 
erous micas, ana it is not improbable that the soluble iodids may 
give rise to similar compounds. By such a process mi^ht lie 
explained the rarity of this element in modern seas, while the 
occasional re-solution of the iodine from these insoluble com- 
pounds by infiltrating waters, would help to explain the vari- 
able and often large proportions in which this element is met 
with in some of the waters noticed above. 

§ 61. Sulphates. — In the preceding sections we have already 
discussed the principal facts in the history of those neutral 
waters in whicn sulphates predominate, or prevail to the exda- 
sion of chlorids (§ 60, 51). The history and the probable origin 
of those curious springs which contain free sulphuric acid hu 
also been considered (§ 31, 48, 49) ; and it now remains to no- 
tice the relation of sulphates to the muriated waters. The fink 
fact that excites our attention is that of the total absence of sul- 
phates from numerous springs of the first, second and third 
classes ; as shown in the preceding analyses, and also in the ob- 
servations of Lenny and others on the saline waters over a great 
area in Western Pennsylvania (§ 40). 

The elimination of sulphate in the form of gypsum from evap- 
orating waters containing an excess of chlori(i( of calcium has 
already been discussed in § 37 ; but the bitternk resulting from 
such a process still retain small portions of sulphates, while it ia 
to be remarked that the saline waters under consideration con- 
tain no traces of sulphates, and in many instances hold portions 
of baryta and strontia, bases incompatible with the presence of 
sulphates. The modes in which this complete elimination of 
sulphates may be effected are two in number. The first has 
already been suggested in § 10, and depends upon the deoxyd- 
izing power of organic matters, which reduces the sulphates to 
sulpnurets. These in their turn may be converted into carbon* 
ates, the sulphur being separated either as sulphuretted hydro- 
gen (giving rise by oxydation to free sulphur), or as insoluble 
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metallic sulphurets. This reducing action not only decomposes 
the soluble sulphates of soda, lime and magnesia, but also, as 
has been pointed out in § 67, may extend to sulphate of baryta, 
and thus sulphuret or carbonate of baryta be formed. It is the 
action of these soluble baryta salts which constitutes the second 
mode of desulphatizing waters ; and this, if we may judge from 
the frequence with which baryta salts occur in the saline waters 
in question, appears to have been the most general process. 

It is a fact worthy of notice that a saline spring at Sabrevois, 
near Lake Champlain, which holds both baryta and strontia in 
solution, is at the same time slightly impregnated with sulphur- 
etted hydrogen. Another saline and sulphurous spring, which 
rises within ten feet of this, contains, however, a portion of sul- 
phates. (Geology of Canada, page 642.) 

§ 62. I am indebted to Prof. Croft of Toronto, for some notes 
of a recent examination by himself of a saline of the first class, 
which contains at the same time a soluble sulphuret. This water, 
from a boring sunk to a depth of several hundred feet through 
the Devonian limestone at Chatham, Canada West, had a spe- 
cific gravity of 1039*3, and yielded for a thousand parts about 
61 of solid matters. It contained large portions of chlorid of 
calcium and magnesium, with very little sulphate, traces of car- 
honate, and no free carbonic acid. The water, which gave an 
alkaline reaction with turmeric, was greenish in color, very sul- 
phurous to the taste, and yielded a purple color with nitro-prussid 
of sodium, and a black precipitate of sulphuret with a solution 
of sulphate of iron. A current of carbonic acid rendered the 
recent water opalescent, and by exposure to the air it deposited 
Bulphur. A quantitative analysis of this water is to be desired. 

§ 63. Borates, — The reddening of the yellow color of turmeric 
paper in presence of free hydrochloric acid, affords, with cer- 
tain precautions, the ordinary means for detecting small portions 
of boric acid. Most of the waters of the third ana fourth 
classes, and some of those of the second, have been tested in 
this way, and have never failed, when reduced to a small vol- 
ume, and acidulated with hydrochloric acid, to give this reac- 
tion; which was, however, most marked with the waters of the 
fourth class. The determination of the amount of boric acid in 
saline waters presents no small difficulty. In the case of the al- 
kaline water of Joly (§ 45, No. 3) the following process was, 
kowever, attempted. The salts left by its evaporation were 
treated with carbonate of ammonia to separate a portion of silica, 
and then with recently precipitated carbonate of silver, by which 
the alkaline chlorids were converted into carbonates. The solu- 
tion now retained in some undetermined form a portion of sil- 
ver, which was separated by fusing the evaporated saline residue 
in a silver crucible. By a second evaporation and fusion there 
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was obtained a mixture of soda and potash, combined only irith 
carbonic, sulphuric and boric acids. By directly determiniiig 
the other ingredients the boric acid was estimated from the Iobb^ 
and wa« found equal to 028 parts in 1000 of water, which con- 
tained 0*752 of solid matters. The conversion into carbonate 
of the sulphates in the mixed salts, by the aid of bicarbonate of 
baryta, would simplify this process. In § 35 it has been ox- 
plained that the amount of carbonate of soda in the waters of 
the third and fourth classes was generally calculated from the 
excess of the alkaline bases, and controlled by the amount of 
carbonate of baryta precipitated from chlorid of barium by the 
alkaline salt. It was found, however, that this last method 
always presented a certain deficit, due to the borate of soda, 
whose quantity in many of the waters, is too large to be disre- 
garded. The precipitate of carbonate of baryta contained apo^ 
tion of sparingly soluble borate of baryta, which was not com- 
pletely removed by long and continued washing. 

§ 64. I have recently had an opportunity of examining the 
water of a borax lake from California, which contains, beside 
borate and carbonate of soda, a portion of chlorid, and a little 
silicate, traces only of phosphate, and no sulphate. It held io 
solution very small quantities of earthy carbonate, and was ra- 
markable for a large proportion of potash, already referred to in 
§ 53. The evaporated and fused saline residue was treated bj 
the ordinary methods for the determination of the chlorine, ca^ 
bonic acid and silica ; while the bases were obtained in the form 
of sulphates by the aid of sulphuric and hydrofluoric acids, and 
afterwards separated as chlorids by the aid of chlorid of plati- 
num. From the data thus obtained the following ingreoientB 
were found by calculation for 1,000 parts of the water : 

Carbonate of soda, 9'4're 

Biborate of soda, 4*895 

Chlorid of sodium, 1*'702 

Carbonate of potash, 1*818 

Silica, 0*129 

1*7-620 

The potasium as above determined, equals 11*46 per cent rf 
the bases weighed as chlorids ; another trial gave 11*41. Al- 
though for convenience we have represented the potassium as 
carbonate, it will be seen that the amount of chlorine is such 
that it might, for the greater part,' have been represented as 
chlorid of potassium, with an equivalent portion additional of 
carbonate of soda. 

§ 65. Carbonates, — In describing in § 43 the alkaline-saline 
waters of Caledonia it has been shown that these contained i 
quantity of carbonic acid insufficient to form bicarbonates with 
the carbonated bases present. It was partly with this fact in 
view that after an interval of more than seventeen years I im- 
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rtook the new analyses of these waters which in § 47 are 
ren side by side with the earlier results. In these recent analy- 
I, as there remarked, a slight excess of carbonic acid was 
3t with. In the interval the springs had undergone ia change 
xsomposition. And while the third one still retained in a 
ght degree its alkaline character, the other two had become 
iters of the second class, holding, instead of carbonate and sul- 
ate of soda, <jhlorid of magnesium and baryta salts. The 
loant of carbonic acid had, however, undergone but little 
ange.; and, as will be seen by comparing the figures below 
th those in the table in § 47, tne slight diminution in the first 
i third corresponds very closely with the falling off in the 
Oivint of solid matters between 1847 and 1865 ; while, on the 
itrary, the augmentation in the amount of carbonic acid in 
! second is accompanied with a ,oorresponding increase in the 
ount of fixed matters present. 

Carbonic acid in cm^ liter of the Caledonian waters. 

1847. 1865. 

Gas spring, .... '705 gram. 'C^l gram. 
Saline spring, .... -648 « -664 " 

Sulphur spring, - - - -690 « -673 " 

W"hile the amounts of fixed matters and of carbonic acid iu 
> several waters have undergone but little change, we find, 
wever, that there has been a great diminution in the propor- 
n of carbonated bases. Thus in the Gas spring in 1847 the 
'bonic acid required for the neutral carbonates found in the 
alysis was '356, while for the same water in 1865 only "278 of 
•lx)nic aeid'was required. In the Sulphur spring, in like man- 
r, the neutral carbonates required '449,* or more than three- 
irths of the carbonic acid present ; while the falling off of the 
lount of carbonates in 1S65 is such that only '191 of carbonic 
d, or just about one-third of the carbonic acid present, is re- 
ired for the neutral carbonate. Nor is this change due en- 
sly to a less amount of carbonate of soda ; the carbonates of 
le and magnesia in 1847 required -246, and in 1865 only -153 
carbonic acid. The changed conditions which we here meet 
ih may be explained by supposing that the carbonated bases 
! due to the mingling in different proportions of neutral car- 
late of soda (generated by the reaction indicated in § 13,) 
:h an earthy saline water Holding a constant amount of free 
bonic acid ; which, in some cases, is more than is required to 
m bicarbonates, but in others, as we have seen above, shows 
eficiency. 

^ 66. If we admit, as I have already assumed, that the waters 

the second and third classes have been generated by the 

ogling of solutions of carbonate of soda with waters of the 

* By mistake this is printed -349 in § 43. 
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first class, it can readily be shown that these solations contained 
chiefly or exclusively the neutral carbonate. If we add a 8oltt« 
tion of bicarbonate of soda to earthy saline waters of the fint 
class it is easy to obtain solutions holding twenty grams or 
more of bicarbonate of magnesia to the liter ; while in none of 
the natural waters of the second class do our analyses show the 
existence of much over one gram to the liter. Again, if we 
suppose any considerable amount of chlorid of calcium to be 
decomposed by bicarbonate of soda, separation of the lime in tbe 
form of neutral carbonate, and the liberation of the second equiv- 
alent of carbonic acid, would yield waters holding an excess of 
carbonic acid above that required to form the bicarbonates of the 
solution. From the absence of such an excess, as appears in tbe 
case of the waters of Caledonia, Varennes, St. Leon and Gaxton, 
and from the small amount of bicarbonate of magnesia in these 
waters, it may be concluded that the alkaline salt whose addition 
has changed their character was the neutral carbonate of soda. 

§ 67. Examples are not wanting of waters in which, as in 
those of Caledonia in 1847, the carbonic acid is insufficient to 
form bicarbonates, or even neutral carbonates, with the bases 
uncombined with sulphuric acid or chlorine. Thus, according 
to Pagenstecher and Miiller, the spring and well-waters of Berne 
do not contain sufficient carbonic acid for the lime present, t 
part of which they suppose to be held in solution as a silicate. 
See Bischof, Chem. Geology, i, 5 ; who remarks that Lowig 
seems to have observed the same fact in the thermal spring d 
PfafFers. For further examples of this kind see Lersch, Hydro- 
Chemie, page 333. The caroonic acid in the water of Toplitz, is 
according to him, not sufficient to form bicarbonates unless tbe 
silica present be supposed to be combined with a portion of bases; 
while in the alkaline thermal spring of Bertrich, according to tbe 
analysis of Mohr, a similar deficiency of carbonic acid exists; 
leading to the conclusion that a part of the earthy bases present 
is in combination with silica and organic matters. The existence 
of solutions holding comparatively a large amount of neutral ca^ 
bonates of lime and magnesia, as described in §56, is not without 
interest in this connection ; since it at once affi)Tds an explana- 
tion of the nature and origin of all such alkaline waters, and 
waters deficient in carbonic acid, as contain earthy sulphates and 
chlorids. 

§ 68. It was found that the waters of Chambly in 1864, and 
of the Sulphur spring of Caledonia in 1865, gave with lime- 
water a precipitate which was soluble in an excess of these min- 
eral waters, but to a much less extent than in the acidulous 
saline water from the High-Rock springs of Saratoga. The 
latter, which contains bicarbonate of soda, and is higbly<jharged 
with carbonic acid, turns to a wine-red the blue color of litmus 
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tincture, which is not changed by the Chambly orthe Caledonia 
water. The Saratoga water, after some time, gives a feeble al- 
kaline reaction with dahlia paper; this is more distinctly but 
dowly changed by the Caledonia water, and almost immediately 
turned to green by that of Chambly. This latter water readily 
browns yellow turmeric paper, which is scarcely affected by the 
water of Caledonia. 

§ 69. Silica. — The silica which exists in solution in cold saline 
springs is generally very small in amount, as might be expected 
from the insolubility of earthy silicates, which is such that super- 
ficial drainage waters in filtering through the soil lose the silica 
which they held in solution (§5). We have further shown that, 
as a result of this tendencv to the formation of insoluble silicates, 
the silicate of soda liberated in the sediments by the decomposi- 
tion of feldspar, generally appears at the surface as carbonate of 
soda, having been decomposed by earthy carbonates (§ 13). 

In two cases, however, considerable quantities of silica aj'e 
found dissolved in natural waters. The first is met with where 
the rapid solvent and decomposing action of heated waters is 
exerted upon alkaliferous siliceous minerals (§ 14), as seen in 
springs like the Geysers. The second case is that of those rivers 
and streams which drain surfaces covered with decaying vegeta- 
tion and decomposing silicates, from both of which they derive 
dissolved silica. Such waters contain but small amounts of solid 
matters, but the proportion of silica is relatively considerable, 
amounting, as we have seen in the water of the Ottawa Eiver, 
(which contains in 10,000 parts, 0-6116 of solid matters), to 
0*2060, or thirty -two per cent; while in the St. Lawrence, (which 
contains for the same amount of water, 1*6056,) the silica equals 
•3700, or twenty-four per cent of the solid ingredients. The 
analysis by H. Deville of the river-waters of France show, in 
like manner, large amounts of silica, which seem to have been 
hitherto overlooked in the analyses of most chemists. (Ann. de 
Chim. et de Phys., [3] xxiii, 32. 

It will be seen by a reference to the tables of analyses given 
in the second part of this paper, that in the waters of the second 
class the amount of silica is equal to from 0"15 to 0*60 parts for 
10000 solid matter. In the alkaline waters of the inird and 
fourth classes its proportion is greater, and up to a certain point 
appears to increase with that of the carbonate of soda. In the 
following table the proportions of carbonate of soda and silica 
for 100*0 parts of solid matters are given for certain springs, 
whose analyses will be found in tables iii and iv : 





III. 
1. 

•6 
•4 


III. 
5. 

1-6 
•4 


III. 
2. 

2-4 
•6 


III. 
6. 

3-4 
•6 


III. 
4. 

7-0 
1-6 


III. 
8. 

8-0 
1-5 


HI. 
8. 

9-2 

1-7 


III. 

7. 

210 
2-9 


IV. 
1. 

250 
80 


IV. 
8. 

300 
8-2 


IV. 
2. 

560 
8-2 


IV. 
6. 

6-7 
82-0 


Garb, of soda 

Silica 
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The amount of silica which these waters' contain does not in 
any case exceed one or two ten-thousandths, and it is well knowu 
that water at the ordinary temperature may dissolve very much 
more than this amount of silica, even in the presence of alkaline 
chlorids and of bicarbonates. 

§ 70. Inasmuch as carbonic acid, according to Bischof (Chem. 
Geol. i, 2), decomposes not only the silicates of soda, but those 
of lime and magnesia, when they are in solution, it might be sup- 
posed that the silica in the above waters exists either in a firee 
state or as a soluble silicate with a great excess of acid. The 
latter view, especially in the case of magnesia, is rendered proba- 
ble by numerous experiments which I shall describe in another 
paper, and which form a part of the series already mentioned 
in § 14. From these it appears that free soluble silica, when 
mingled with a solution of bicarbonate of magnesia, or with the 
neutral carbonate dissolved in sulphate of magnesia in the man- 
nQr described in § 56, whether separating immediately or by a 
slower process of gelatinization, always carries down with it, in 
combination, a few hundredths of magnesia. 

In these experiments, besides the carbonate of magnesia, sul- 
phate or chlorid of magnesium was present; but the silicated 
natural waters now under discussion are alkaline from the pres- 
ence of carbonate of soda, and whatever partition of bases 
between carbonic and silicic acids may exist in the recent waters^ 
we may suppose that when they are boiled a silicate of soda is 
formed, with the expulsion of carbonic acid. The silicate thus 
produced reacts on the earthy bases present, with the production 
of silicates of lime and magnesia, which are in part precipitated 
with the earthy carbonates. Berzelius and Kersten long since 
observed the separation of such silicates during the evaporation 
of the waters of Carlsbad and of Marienbad (Bischof i, 5) ; while 
a silicate of lime is said to be deposited from the waters of Wies- 
baden. But the silicates thus formed are but partially precipita- 
ted — a portion remaining in solution till a late period of the 
evaporation. Dr. J. Lawrence Smith long since remarked the 
existence of a dissolved silicate of lime, apparently combined 
with soda, in the concentrated alkaline waters of Broosa in Asia 
Minor, (this Journal [2], xii, 377). 

Many facts in accordance with the above were observed in the 
analyses of the waters described in this paper. Thus the water 
of Beloeil, which held in 1000 parts '114 of silica, when evapora- 
ted to one-tenth, deposited with the carbonates 'OSO of silica, and 
the hydrochloric solution of the precipitate became gelatinous 
during evaporation. The solution still retained in solution, 
besides a portion of lime, '064 of silica, which was completely 
separated when the alkaline liquid was evaporated to dryness in 
contact with the earthy carbonates previously precipitated 
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When however these were removed by filtration it was found 
that during the evaporation to dryness a reaction took place by 
which the precipitated silicate of lime was partially decomposea, 
the separated silica being redissolved by the alkaline carbonate. 
In the case of the Chambly water of 1852, which contained in 
1000 parts '073 of silica, '042 parts still remained in solution in 
the water evaporated to one twentieth ; and in that of the Ottawa 
Eiver when reduced to one fortieth there still remained in solu- 
tion from 10*000 parts of water, -075 of silica and '028 of lime. 
Similar results were observed with the alkaline saline waters of 
Varennes and Fitzroy, and all of these yielded, by further evap- 
oration, precipitates containing silica and lime, and in one in- 
stance magnesia. 

It is not however from alkaline waters like these, but from 
neutral sea-water that the silicates of magnesia (and of lime), 
which abound in stratified rocks, have been for the most part 
formed. See further on this point, § 41. 

§ 71. Organic Matters, — In § 44 we have described some of the 
reactions of the organic matter found in the Chambly water, and 
it is to be remarked that small portions of a similar substance 
were found in all alkaline waters of the third and fourth classes 
and caused them to become brownish when evaporated to a small 
volume. This it has been already suggested may have a super- 
ficial origin, the organic matters carried down by surface waters 
being kept in solution by the alkaline salts; it is not, however, 
impossible that this same menstruum may remove the organic 
matters which abound in the pyroschists and other materials of 
organic origin in the ancient rocks. Thus, for example, the cop- 
rolites of the Lower Silurian limestones contain so much animal 
matters as to evolve an odor like burning horn when exposed to 
heat (Geology of Canada, 462.) 

The Ottawa water (§ 45) when boiled to one-tenth deposits a 
precipitate in small bright brown iridescent scales. This was 
founa to contain silica, carbonate of lime and a small portion of 
an organic substance which was dissolved in a dilute potash ley. 
The brown solution thus obtained was not disturbed by acetic 
acid and acetate of copper, but by the subsequent addition of car- 
bonate of ammonia yielded a white precipitate. The concentra- 
ted water retained a large proportion of organic matter, and 
when reduced to a small bulk, was dark brown, alkaline to 
turmeric paper, and continued by evaporation to deposit opaque 
films of silicate of lime. The finally dried residue was dark 
brown in color, and carbonized by heat, burning like tinder, and 
diffusing an agreeable odor. The residue of 10000 parts dried 
at 300° F., weighed -6974, and lost by gentle ignition '1635, con- 
sisting partly of organic matter. 
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No chemical examination was made of this matter held in so- 
lution by the concentrated water. From the late researches of 
Peligot, however, it appears that the organic matter precipitated 
by nitrate of lead from the water of the Seine has nearly the 
composition of the apocrenic acid of Berzelius. It gave on analy- 
sis carbon 58*1, hydrogen 2*7, nitrogen 24, oxygen 41*8, and 
is evidently related to the soluble form of vegetable humoa. 
(Comptes Rendus, April 25th, 1864). When exposed to heat 
this substance evolved ammonia, with the odor of burning wool, 
while the organic matter from the Ottawa water, on the contrary, 
gave an odor like burning turf. 

GEOLOGICAL POSITION OF THE PRECEDING WATERS. 

§ 72. The great Paleozoic area of the St. Lawrence basin is 
divided into two basins by an axis extending from Descham- 
bault, not far above Quebec on the St. Lawrence, in a southwest 
direction to Lake Champlain. The eastern part of the western 
basin is more or less affected by undulations subordinate to the 
great fault that brings up the Quebec group against the Hudson 
Kiver formation, and also by other undulations of minor im- 
portance. It is in this disturbed region that bv far the greater 
number of the mineral springs already described occur; and 
although it is often difficult to establish the presence, or to trace 
the extent of faults in the strata, on account of the alluvial de- 
posits which generally cover the Paleozoic strata of the region, it 
is apparent that in a great number of cases the mineral springs 
occur along the lines of disturbance, and it is probable that ^ 
constant relation of this kind exists. As the eastern limit of the 
western basin is approached, the mineral springs become more 
numerous, but this boundary once passed, a region is soon 
reached where the rocks become profoundly altered, and furnish 
no more mineral waters. The great western portion of the occi- 
dental basin, which is less disturbed than its eastern part, pre- 
sents but few mineral springs; yet the wells of strongly saline 
water which have been obtained by borings at Kingston, Hallo- 
well, St. Catherines, Chatham and elsewhere, show that the un- 
disturbed rocky strata are charged with saline matters. For a 
better understanding of the relations of these waters a list of the 
Paleozoic formations in which the springs occur is here given, 
and numbered in ascending order. 



16. Hamilton, — shales. 
14. CoaNiFEROUS, — limestone. 
18. OaiSKANT, — sandstoDc. 
12. Onondaga or Gtfsifjebous, — dolomite. 
11. OuBLPH, — dolomite. 
10. Niagara,— dolomite. 
9. CuNTON, — ^Umestone and shale. 



8. Medina, — sandstone. 

6. Hudson River, — shales. 

6. Utica, — shales. 

4. Trenton, — limestone. 

8. Chazt, — limestone. 

2. Caloifbrous, — dolomite. 

1. Potsdam,— sandstone. 
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§ 78. Of the above series the Trenton group includes the Birds- 
«yeaad Black Eiver limestone, as well as the Trenton limestone 
of the New York geologists, and is non-magnesian, enclosing 
beds of chert, siliciBed fossils and petroleum ; in all of which 
characters it resembles the Corniferous limestone above. In 
like manner, the Potsdam is represented by the Hudson Eiver 
and Medina formations, while the gypsiferous dolomite of the 
soK^lled Calciferous sandrock corresponds to the great mass of 
dolomite which constitutes Nos. 10, 11, and 12, and includes the 
gypsum and the salt-bearing strata of the Onondaga formation. 
These repetitious of similar strata, marking successive recurren- 
ces of similar geological and geographical conditions, which form 
great cycles in the history of the continent, have been already 
considered in a paper by me on Bitumens, etc., in this Journal, 
[2], XXXV, 166. 

§ 74. In the eastern basin, which includes not only south- 
eastern Canada, but the whole of New England, the strata are 
in an altered and crystalline condition, if we except a narrow 
belt along the northwest border of the basin. These unaltered 
strata present a great series of shales, conglomerates, and lime- 
stones, pure and magnesian, succeeded by 2000 feet or more of 
sandstone with shales ; the whole forming what the Canadian 
Geological Survey has named the Quebec group, whose aggre- 
gate thickness in the vicinity of Quebec is about 7000 feet. 
The geological horizon of this group of strata corresponds to that 
of the Chazy, the Calciferous, and perhaps of the Potsdam. It 
was in great part a deep-sea deposit, of which the formations 
just named are but incomplete and littoral representatives. Of 
the watei*s described in this paper none are from this eastern 
basin, although the unaltered portions of it present several min- 
eral springs, some of which are described in the Geology of 
Canada. Of these the salines of Cacouna, Green Island, Riviere 
Quelle and Ste. Anne, are bitter waters belonging to the first 
class; while a sulphurous spring at the latter place, and another 
at Quebec are alkaline waters of the fourth class. 

§ 75. Of the waters of the western basin, which alone are 
noticed in this paper, many have been qualitatively analyzed 
which are not here described. Including two from Vermont, 
' twenty-one alkaline waters of the third and fourth classes have 
been examined. Of these, as already stilted, the waters of Cale- 
donia rise from the Trenton group, and that of Fitzroy from the 
Chazy or Calciferous, while two others at Ste. Martine and Raw- 
don, appear to have their source in the Potsdam. All the other 
waters of these two classes issue from the Hudson-River shales, 
with the exception of those of Varennes and Jacques Cartier, 
which seem to rise from the Utica formation. 
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Of the waters of the second class, of which about thirty ha70 
been examined from the western basin, some five or six isroo ^ 
from the shale formations Nos. 5 and 6, but all the others m 
from the underlying limestones. The bitter salines of the fint 
class flow from the limestones of the Trenton group, with tbe 
exception of that of Ancaster, which is from a well sunk in the 
Niagara formation, and that of St. Catherines, from a boring 
carried through the Medina down into the Hudson Eiver shales. \ 
The source of both of these is probably, like that of the other 
verv similar waters, the Lower Silurian limestones. 

§ 76. From this distribution of the \<raters of the first four 
classes it would appear that the source of the neutral salts, which 
consist of alkaline and earthy chlorids, is in the limestones and 
other strata from the Potsdam to the Trenton inclusive, while ] 
the alkaline carbonates are derived from the argillaceous sedi- 
ments which make up the Utica and Hudson River formation. 
These sediments are never deficient in alkaline silicates, whose 
slow decomposition yields to infiltrating waters (§ 18), the alkaline 
carbonates which characterize the mineral springs of the fourth 
class. These mingling in various proportions with the brines 
which rise from the limestones beneath, produce the waters of 
the second and third classes in the manner already explained. 
The appearance of several springs of the third class, as those of 
Caledonia and Fitzroy, from the Lower Silurian limestones is 
not surprising, when it is considered that the Chazy formation 
in the Ottawa valley includes a considerable thickness of shales, 
sandstones and argillaceous limestones, approaching in composi- 
tion to the sediments of the Hudson River formation. 

§ 77. As an evidence that the different classes of waters have 
their origin in different strata may be cited the fact that springs 
very unlike in composition are often found in close proximity, 
and apparently rising from a common fissure or dislocation. 
Thus in the seigniories of Nicolet and Labaie du Febvre, I have 
examined six springs, all of which rise through the TJtica forma- 
tion along a line, in a distance of about eight miles. Of these 
springs two belong to the second, two to the third, and two to 
the fourth class ; these last being probably derived entirely from 
the shales, while the others have their source in the underlying ^ 
limestones, and are more or less modified in their ascent. Again, 
at Sabrevois, within a few feet, are two springs of the second 
class, of which one contains salts of baryta and strontia, and the 
other soluble sulphates. In like manner at Ste. Anne, in the 
Quebec group, a spring of the second class and one of the fourth 
are found not far apart. The springs of Caledonia offer another 
and not less remarkable example. In 1847 there were to be 
seen, not far from a spring of the second class, three others of 
the third class very near together, one of them sulphurous, but 
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all sulphated, and differing in the proportions of carbonate of soda 
present. In 1865. while one of these still retained its character 
of a sulphurous sulphated water of the third class, the others 
were changed to waters of the second class, and' held salts of 
baryta in solution. These relations which we have already 
pointed out (§ 47) not only show waters holding incompatible 
salts issuing from different strata along the same fissure, but 
mingling in such varying proportions as to produce from time 
to time changes in the constitution of the resulting springs. 

§ 78. The temperature of none of the springs which we have 
here described exceeds 53*^, which has been observed for two 
Bprijigs at Chambly, about twelve miles from Montreal. Inas- 
much as the mean temperature of this city, as deduced from the 
observations of twenty-seven years, is 44° -67, the Chambly 
waters are to be regarded as slightly thermal. No other springs 
in Canada are known to present so high temperature unless 
possibly the acid waters of the fifth class, for which we have 
pointed out the importance of further observations, (§ 48). The 
St. L6on spring was found to be 46°, and that of Caxton, 49"^ F. 

§ 79. The extended series of analyses which we have given in 
the preceding pages presents many points of interest. Nowhere 
else, it is believed, has such a complete systematic examination 
of the waters of a region, and of a great geological series been 
made. Additional importance is given to these results by the 
fact that the waters are all derived from Paleozoic strata, and we 
are thus enabled to compare these saline materials of an ancient 
period with those which issue from, and in many cases owe 
their saline impregnation to, strata of comparatively modern 
origin. Comparisons of this kind, such as I have already insti- 
tuted between brines of different geological epochs in § 39, pos- 
sess great geologioal interest. 

It is a consideration «ot without interest, that the valley of the 
St. Lawrence under different meteorological conditions might 
become a region abounding with saline lakes, affording seasalt, 
natron and borax, the results of the evaporation of the numerous 
saline and alkaline springs which have just been described. 

§ 80 A few considerations are here suggested by the fact 
already mentioned of the apparent absence of mineral springs 
from the altered Paleozoic strata of the Quebec group. Meta- 
morphism and disturbance or displacement of strata are general- 
ly concomitants, not, as I conceive, because the process of alter- 
ation is in any way connected with the disturbance of the rocks, 
but because a great accumulation of superincumbent strata, a 
necessary preliminary of metamorphism, is the efficient cause of 
the folding of the deeply buried and subsiding rocks, in a way 
which I have already elsewhere pointed out.* The subsequent; 

» This Journal, [2] xxxi, 412. 
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continental "uplifting of the altered, plicated, and more or len 
fissured strata, and their irregular erosion, give rise to the 
broken surfaces of metamorphic regions, and at the same time 
permit the saline solutions impregnating the strata to flow out; 
while solid soluble salts, unless enclosed by impermeable strata, 
are removed by lixiviation. Hence we shall rarely find muria- 
ted waters issuing from crystalline and disturbed strata- Those 
saline products which result from the decomposition of feld- 
spathic minerals, and the separation of alkaline carbonates; or 
from the decomposition by these or other agents of the gypsum 
which is often present in metamorphic strata, may, however, 
readily give rise to waters of the fourth and sixth classes; so 
that we are not suprised to find alkaline and sulphated waters 
issuing from crystalline strata. 

§ 81. I have in a previous section (§ 57) alluded to the condi- 
tion of the primeval ocean, and in this connection it may be 
well to refer to a hypothesis which I sonr^e years since advanced, 
relative to the origin of its salts and the primeval sediments. 
Starting from the notion "of a cooling globe, such as the igne- 
ous theory supposes our earth to have been at an early period, 
and considering only the crust with which geology makes us 
acquainted, and the liquid and gaseous elements which now sur- 
round it, I have endeavored to show that we may attain to some 
notion of the chemical conditionsof the cooling mass by conceiv- 
ing these materials to again re-act upon each other under the in- 
fluence of an intense heat. The quartz, which is present in so 
large a proportion in many rocks, would decompose the car- 
bonates and sulphates, and, aided by the presence of water, the 
chlorids both of the rocky strata and of the sea; while the 
organic matters and the fossil carbon would be burned by the 
atmospheric oxygen. From these re-actions would result a 
fused mass of silicates of alumina, alkalies, lime, magnesia, iron- 
oxyd, etc.; while all the carbon, sulphur and chlorine in the 
form of acid gases, mixed with watery vapor, nitrogen, and a 
probable excess of oxygen would form an exceedingly dense 
atmosphere. When the cooling permitted condensation, an acid 
rain would fall upon the heated surface of the earth, decompos- 
ing the silicates, and giving rise to chlorids and sulphates of 
the various bases, while the separated silica might take the form 
of crystalline quartz. In the next stage of the process, the por- 
tions of the primitive crust not covered by the ocean would un- 
dergo a decomposition undea* the influence of a hot moist atmos- 
phere charged with carbonic acid, and ithe feldspathic silicates 
become converted into clay, with separation of the alkali. This, 
absorbing carbonic acid from the atmosphere, would find its way 
to the sea, where, having first precipitated from its highly heated 
waters various metallic bases then held in solution, it would de- 
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ccompose the chlorid of calcium, giving rise to chlorid of sodium 
on tne one hand, and to carbonate of lime on the other. In this 
way we obtain a notion of the processes by which from a primi- 
tive fused mass may be generated the siliceous, calcareous and 
argillaceous rocks which make up the greater part of the earth's 
crust; and we also understand the source of the salts of the 
ocean."' 

§ 82. A further development of this view would lead us too 
fer for the scope of this paper. It will however be seen that 
the first precipitates from the ocean would contain most of the 
metals, and that in the subsequent re-solution and deposition of 
these precipitates is to be found an explanation of the origin of 
metalliferous deposits, and of their distribution in various for- 
mations ; either as integral parts of the strata, or as deposits in 
veins, the former channels of mineral springs. In an essay on 
American Geology, published in this Journal in 1861, [2], xxxi, 
405, I have already sketched the outlines of what I conceive to 
be the true theory of metalliferous deposits, a subject to which 
it is proposed soon to return. 

Montreal, July 4, 1866. 



Art. XXL — A new Meteorite from Newton county^ Arkansas^ 
containing on its surface Carbonate of Lime ; by J. LawrencjiJ 
Smith, Prof. Chem. Med. Dep. University of Louisville. 

The first notice of the meteorite of Newton county was made 
in 1860 by Prof. Cox, who was engaged in the geological sur- 
vey of Arkansas. The original has not been obtained ; the only 
fragment of it, being in the hands of Judge Green, was given 
to Prof. Cox, who has kindly presented it to me. The weight 
of the fragment is twenty-two and a half ounces, and was evi- 
dently broken oflF from one corner of the mass, as it presents 
three of the original surfaces. 

This meteorite is of the mixed variety, and cannot be classed 
with either the metallic or the stony meteorites; it is one of 
the most interesting that has been discovered in the United 
States, differing from any other yet found in these regions. 

The stony matter is very distinctly crystallized, and some of 
the minerals can be easily detached and examined separately. 
The metallic portion constitutes somewhat over one-half of the 
mass, and owing to the diffusion of the stony matter has a 
coarsely reticulated structure. 

When broken under the hammer, and the iron separated by 

' Canadian Journal, May, 1869, 201, and this Journal, [2] xxy, 102, also Comptei 
Reodos, June 9th, 1862, and Can. Naturalist, yii, 202. 
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» 
the magnet, it is obtained in coarse grains varying from 8 to 4 
grains down to very small fragments. The exterior is of a rosty 
color, roughened by projection of nickeliferous iron, and over 
several parts of the surface there is a white incrustation. 

Specific gravity taken on different pieces varies from 4 5 to 61. 
By mechanical means and the aid of the magnet the following 
minerals were separated. 



Hornblende, 
Olivine, 
Carbonate of Lime. 



Nickeliferous iron, 
Chrome iron, 
Sulphuret of iron, 

Nickeliferous Iron, — I may as well mention the manner in 
which I separate the iron from the stony matter of meteorites. 
In most instances it is necessary to sacrifice a fair portion of 
the specimen. The mass is crushed in a steel mortar ; the mag- 
net is then able to take out the iron from the mass of stony mat- 
ter, especially if the crushing operation is repeated two or three 
times. The iron is then introduced into an iron, or, better still, a 
silver capsule or crucible, and a strong solution of potash added, 
heat is applied until all the water is driven oJ0F, and the residue 
is heated to redness ; on cooling, water is applied and the excess 
of potash washed out, as well as some^silicate of potash that is 
formed. After thoroughly washing the particles of iron, they are 
moistened with a little alcohol and dried on blotting paper with 
a gently heat; and by holding a magnet a little distance from 
them, the particles of iron will adhere to the magnet almost per- 
fectly free from earthy matter. 

The iron, if of a coarse reticulated structure, as the one in 
question, may require to be crushed in the steel mortar after 
treatment by potash, to detach particles of silicate, remaining in 
small crevices, and in this variety I sometimes repeat the treat- 
ment by potash. In this way, the foreign matter associated with 
the iron can be reduced to one-half per cent. Of course this pro- 
cess sacrifices more or less of the iron, especially if the iron be 
in very small particles; but this sacrifice is of secondary import- 
ance compared with the necessity of having the metallic matter 
in a pure state. Thus purified the iron was found to be com- 
posed of 

Iron, 91-28 

Nickel, .......... 7-21 

Cobalt, -71 

opper, * ^^^ small to be estimated. 

Fbosphorus, ) 

9916 

In the analysis, after separating the iron by the acetate of 
soda, the nickel and cobalt were separated by nitrite of potash, 
which method I have used frequently, and with the best results. 
Liebig^s method for accomplishing the same end has been mach 
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improved by the modiBcation lately devised by Prof. Gibbs, of 
dissolving the oxyd of mercury in the cyanid of mercury, (this 
Journal, Jan., 1865); but having every arrangement necessary 
for executing successfully the method by the nitrite of potash, 
I have not yet tried Prof. Gibbs's modification, but shall do so 
shortly. 

ChroTne Iron, — This is found in small quantity in minute par- 
ticles, some of them showing distinct faces of crystals, but I 
failed to find any complete octahedron ; the quantity was too 
small for analysis but was readily recognized by the blowpipe. 

Sulphuret of Iron, — This also is discernible only in minute 
quantity, and could not be collected for analysis. I would re- 
mark, with reference to the sulphuret of iron found in meteorites, 
that it cannot be classed with the terrestial magnetic pyrites, 
whose formula is considered Fe^Sg having always found the sul- 
phur too small for this formula ; in which conclusion I believe 
that I am sustained by Eammelsberg and others. My results 
point to the formula FeS, and if the compositions of these two 
kinds of pyrites are correctly made out, then the meteoric va- 
ried has no terrestrial representative. 

Hontblende. — This mineral is easily separated, and is of a 
greenish gray color more or less soiled by iron ; with some care 
it can be detached unmixed with other constituents ; it has a very 
distinct cleavage in one direction and an imperfect one in an- 
other ; on analysis it gave. 

Silica. 52-10 

Alumina, 1'02 

Protoxyd of iron, 16-49 

Protoxyd of manganese, - - - - 1'26 

Magnesia, 29-81 

Alkalies— (potash, soda, lithia), - - • '24 

lOO-Hl 

The oxygen relations of the silica andprotoxyds furnish the 
formula ft+Sig — the formula of hornblende. In structure and 
composition it is not unlike some varieties of anthophyllite. 

Olivine, — This mineral is difi'used through the mass. Some of 
the smaller pieces are almost colorless; others again are more or 
less yellow, being stained with oxyd of iron; some of the frag- 
ments are iridescent like varieties of oligoclase, which I at first 
look it to be. Sufiicient of it was detached in a pure state for 
analysis, and was found to be composed as follows : 

Silica, 4202 

Alumina, 0-46 

Protoxyd of iron, 12-08 

Magnesia, 47-26 

101-81 

There was a minute quantity of manganese estimated with 
the oxyd of iron and magnesia. This analysis overruns the 100. 
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This IS accounted for in part by the quantity used for analysis 
not being more than 0*16(> grams. The oxygen ratio of the 
silica and protoxyds show the composition ftsSi, which is that 
of Olivine. 

Carbonate of Lime. — The observation of this constituent in a 
meteorite is something entirely new, yet it is found on the ex- 
terior surface of the meteorite in question, in various places. 
There is no doubt in my mind, however, that this ingredient 
was not a part of the mass when it fell, but that it has been ex- 

})08ed to certain conditions since its fall by which carbonate of 
ime has been incrusted on its surface. 

It is much to be regretted that the entire original mass is not 
accessible to furnish facilities for determining whether it is an 
incrustation, or not, and if the former, whether the incrustation 
was formed prior or subsequent to its fall. 

In relation to the presence of carbonates in meteorites, we 
have the first and only announcement, up to the present time, 
in connection with the meteorites which fell at Orgueil in 1863; 
Messrs. Des Cloizeaux, Pisani, Daubr^e and Cloez discovered 
minute rhombohedral crystals of double carbonates of magnesia 
and iron. 

The above statements exhaust about all that I have to say at 
the present time on the meteorite under investigation. There 
may be one or two other minerals in its composition, but I could 
not separate them in a manner to pronounce as to whether they 
were diflFerent from those already aescribed or not. 



Art. XXII. — Researches on the Volatile Hydrocarbons; by C. M. 

Warren.* 

11 — On the Influence of Cg Hg upon the Boiling points in Ho- 
mologous Series of Htdrocarbons, and in some Series of their 
Derivatives ; with critical observations on Methods of taking 

BuILING-POINTS. 

It is well known that we are indebted to H. Kopp* for the 
discovery of certain definite relations existing between the chem- 
ical constitution and some of the physical properties of homo- 
logous liquid bodies. Of these, one of the most important is 
that of a uniform difference between the boiling-points of the 
contiguous members of an homologous series, corresponding to 
the uniform difference in their elementary constitution. Kopp 
has shown by numerous examples, that, as a general rule, in 
those series which are characterized by a common elementary 
difference of Cg H, between the members, in the order of the 

* Continued from page 108. 

' Ann. der Chemie und Pharmacie, 1842, xli, 79, 169; 1846, Iv, 177, etc 
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series, the corresponding dilBference of boiling-point is about 19^ 
C. ; hence, that the difference between the boiling-points of any 
two members of such a series is cc .19° for a difference of a: C, H , 
in the elementary formulae. In the earlier observations on this 
subject, this relation between the boiling-points and formulae was 
found so nearly constant in the different series examined, that 
any deviations from this apparent general law were referred, not 
unreasonably, to assumed inaccuracies in the determination of 
Ihe boiling-points of the bodies compared. But the more recent 
and extended generalizations of Kopp* have led him to point 
out several exceptional series, in whicn the boiling-point differ- 
ence is greater, and others in which it is less, than 19° for an 
elementary difference of Cj, H^. That there are such exceptional 
series is confirmed in a very decisive manner by my own obser- 
vations, as I shall proceed to show. My determinations make 
the boiling-point differences in some cases so much larger than 
those of other observers as to leave no room for doubt on this 
point; especially if the comparative value of these determina- 
tions be duly estimated with reference to the more reliable 
character to which the preparations are entitled, on account of 
the more efficient means which I have employed for separating 
the liquids. Since Kopp first called the attention of chemists to 
this subject, different theories have from time to time been 
advanced by Schroder, Lowig, Gerhardt, and others, and sup- 
ported by laborious research and observation. It will be inter- 
esting to examine some of these theories in the light of the new 
facts which I am about to present. Schroder,* not satisfied with 
Kopp's explanation of the discrepancies between the observed 
and theoretical boiling-points, on the ground of errors of deter- 
mination of the former, argues that the influence of Cj, H^ on 
boiling-points is variable in different series according to the 
peculiar nature of the C3H3 in each case. He regards organic 
compounds for the most part made up of radicals, which he 
calls "components," of which he makes seven. Three of these 
are composed of carbon and hydrogen, viz : — 

Formyl= (C^H^) — "(C^HJ" — which is supposed to raise the 
boiling-point of a substance 52° C. 

MeSiylen =^{G^^g)^ — " (CgH J™" — which is supposed to raise 
the boiling-point of a body 21°. 

Elayl={yi^B.^Y — "(CJEJ®" — which is supposed to raise the 
boiling-point 17°. Subsequently (Pogg. Ann., Ixiv, 101) the lat- 
ter number was changed by Schroder to 16°. 

A fourth component was made up of a double atom of hydro- 
gen, (Hj)—"(H^)"— which was supposed to lower the boiling- 

' Annalen der Chemie und Pharmacie, 1866, zcvi, 2. 
• PoggendorfF*8 Annalen, 1844, Ixii, 184, 887. 

Am. Jous. Sci.— Sbcond Series, Vol. XL, No. 119.— Sept., 1866. 
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point 8° ; but this also was afterwards changed to 10* (Pogg. 
Ann., Ixiv, 372). (The other three components, having no direct 
bearing on the hydrocarbons, are omitted.) By means of these 
components Schroder (Pogg. Ann., Ixii, 188) proposed to calculate 
the boiling-points of different substances in the following manner. 
Having estimated the sum of the influence of the different com- 
ponents of a body, the number 70 was in all cases to be deducted. 
Subsequently Schroder* was led to substitute, in these calcula- 
tions, the influence of the separate elements for that of the 
components. Each double atom of carbon (C^) was estimated 
to raise the boiling-point of a compound 31° ] and each double 
atom of hydrogen (H^) to lower it 10°. As in the former case, 
the number 70 was to be deducted from the sum of the influen- 
ces of the different elements contained in the compound, to give 
the true boiling-point. Example : calculation of the boihng- 
point of benzole, C, J H,; 0,3=603; 81x6°=186°; H„=3H,; 
-10°x8=-30°; 186°-80°-70"=86°= the calculated boiling- 

f)oint of benzole by this method; which agrees exactly with the 
atest determination at the date of Schroder's memoir. 

Lowig* estimates the influence of the elementary atoms on the 
boiling-point differently from Schroder; and obtains numbers 
such that, to find the boiling-point of a compound it is only 
required to add together the numbers corresponding to the ele- 
mentary atoms which it contains, without deducting from this 
sum a constant number, as by Schroder's method. According 
to Lowig's theory, one atom of carbon (0) raises the boiling-point 
38°4, and one atom of hydrogen (H) lowers it 29°'2; these 
numbers being for carbon nearly two and one-half times, and for 
hydrogen nearly three times as great, as those of Schroder. 

Gerhardt/ in a special paper "On the Boiling-point of the 
Hydrocarbons," observes that "The boiling-point of the hydro- 
carbons appears to obey a very simple law, according to which 
it is raised or depressed a certain number of degrees, correspond- 
ing to the number of equivalents of carbon or hydrogen con- 
tained in its equivalent.'' '^ From a comparison of the boiling- 
points and formulae of several well-known hydrocarbons, the 
determinations of which were repeated with special care for this 
purpose, Gerhardt finds that the addition of C3 to the molecule 
of an hydrocarbon raises its boiling-point 35*^ 5, and that the 
addition of H^ lowers it 15°. The boiling-point of a body is 
calculated from these numbers by comparing iis formula with oil 
of turpentine, O20H16, as a standard, the boiling-point of which is 

* Pog:g. Annalen, 1,846, Ixiv, 867 ; 1846, Ixvii, 46. * Idem., 1846, Ixiv, 250. 

• Annalee de Chiraie et de Physique, 1846, [3], xiv, 107. 

^ ** II parait que le point d*6bu11ition des hjdfrog^nes carbon^s est ftoumi» & une 
loi fort simple, d'apr^s laquelle 11 s'^l^verait ou s'abaisserait d*un certain nombre de 
degr^s 8uivai\t le nombre des equivalents de carbone ou d'hydrog^ne reoferm^ 
dans leur Univalent.'* 
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taken at 160° C Example : eamole (from cuminic acid) has the 
formula CisHj^; hence it contains C2 less than oil of turpentine; 
therefore 35°*5 must be deducted from 160° (the boiling-point of 
oil of turpentine,) which leaves 124°*6; but as the cumole con- 
tains 2H2 less than oil of turpentine, 15° X 2=30° is to be added 
to the above remainder ; thus 124°-6+30°=154°-5, the calcula- 
ted boiling-point of cumole. Gerhardt's direct determination 
was 158^, which very nearly coincides with his theory. 

It would be foreign from my purpose on the present occasion 
to consider these different hypotneses, or even the empirical law 
of Kopp, beyond their special relation to the boiling-points of 
the hydrocarbons, and such other series, derivatives from the 
hydrocarbons, as have been made the subjects of my own experi- 
ments. Anything more than this would be merely speculative. 
The want of more accurate determinations of boiling-points as 
essential to safe and reliable deductions and generalizations on 
this question, has frequently been observed. The need of this 
will be made strikingly apparent by comparison of my results 
with those of previous observers. Indeed, if my determinations 
may be taken as a criterion, — which, considering the nature of 
the materials operated upon, might not be quite fair, — the inac- 
curacies of the boiling-points which have hitherto been published 
are probably so numerous, and in many cases so considerable, 
as to make it appear almost useless to attempt further generaliza- 
tions upon those unreliable data. It may be hoped, however, 
that the superior means which my process furnishes for separa- 
ting mixtures of liquids, will lead to the accumulation of reliable 
facts of sufficient number and variety for a profitable review of 
this question in its different bearings, which, from its importance, 
it clearly merits. 

The frequent inaccuracy of the determinations of boiling-points, 
upon which Kopp has justly laid so much stress, may, I think, 
be more reasonably attributed, at least in a majority of cases, to 
a want of purity in the substances themselves, rather than to a 
neglect of the precautions and corrections which he recommends 
to be observed in such determinations; although errors as great 
as those mentioned by Kopp' may doubtless occur, and in the 
particular instances which he had in mind may have occurred 
from the cause which he assigned for them. It should be borne 
in mind, however, that these errors, in the case of an impure 
substance, may be compensating errors; or, on the other hand, 
they may go to increase that which would arise from impurity. 

That the conditions under which my results have been ob- 
tained may be clearly understood, and hence the value of these 
results fairly estimated, in comparison with those of others, I 
shall endeavor, as I proceed with these researches, to specify, iu 

" " Bestimmoog des Siedepunkts." Pogge&dorff's Annalen, 1847, Izxii, 38. 
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sufficient detail, the processes which I have employed. Haying^ 
in the memoir previously referred to, described the process bj 
which the hydrocarbons were separated, the special object of this 
paper only requires, in this regard, that I should add a descrip- 
tion of the method employed in determining the boiling-points 
of these bodies, which has already been partially given in tho 
foregoing memoir, when treating of the boiling-poini; of benzole. 

Of the Method of determining Boiling-points^ — I use for this pur- 
pose a small tubulated glass retort, and usually operate on aboat 
150 c. c. of the liquid. The thermometer extends into the liquidl, 
even nearly to the bottom of the retort, taking care that the bulb 
shall not come in contact with the glass, bat remain free in the 
liquid. To prevent abnormal elevation of temperature from ad- 
hesion to the glass, — which I have observed in some instances, 
when operating on impure hydrocarbons, to amoujit to several 
degrees, — I introduce pieces of sodium, instead of platinum, as 
it seems to serve at least as well for this purpose, and at the 
same time tends to preserve the purity of the material. Sodium 
has also this advantage over platinum for hydrocarbons, vizj that 
it does not lose its virtue by use, so long as any of it remains; 
platinum, on the contrary, being liable, especially if the liauid 
IS not quite pure, to become after a while slightly coated, ana its 
efficiency thus impaired.' 

Except for low temperatures, the retort rests on a piece of wire 
gauze laid over the ring of an iron lanap stand, j^nd is heated 
with a small gas flame. When operating on liquids of low 
boiling-point, I have observed the liability of the thermometer 
to be considerably affected by the ascending current of hot air 
striking the sides of the retort above the level of the liquid, thus 
causing an elevation of several degrees of temperature. To pre- 
vent this, I proceed as follows. For low temperatures, and yet 
above the common temperature, I place upon tae gauze on which 
the retort is to stand, a screen of felt or thick woolen paper, 
which has been provided with a hole in the <jenter about two 
inches in diameter. This screen extends several inches from the 
sides of the retort, and has been found effectual for the purpose. 

For temperatures below the common temperature, the retort 
is set in a water-bath containing ice-water, the temperature of 
the bath being gradually raised by means of a snaall gas- flame. 

As is customary, in order to ascertain the temperature by 
which to calculate the correction for the upper column of mer- 

* For common use in fractioning, when not desirable to use sodium, I have found 
pieces of coke to be more effectual and much more durable thao platinum. Not 
unlikely it would be found. equally preferable to platinum for general use in taking 
the boiling-points of liquids in which sodium could not be employed. It lis certain 
that nothing could operate ;better than coke for the nitro-compounds and alkaloids 
derived from benzole and its^homologues. 
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««iry, a thermometer is attached, by means of elastic bands, to 
the side of the thermometer in the retort ; the bulb being placed, 
.daring ebullition, midway between the center of the cork and 
Ae upper extremity of the mercurial column. And, as usual, 
a paper screen, closely fitting the thermometer, is placed across 
at tbe top of the <;ork to shield the upper column of mercury 
from the direct influence of the ascending heat. 

I have observed that it often requires considerable time — var 
liable according to its length and the thickness of the glass spin' 
die — for that part of the thermometer above the retort to acquire 
the highest temperature which the boiling liquid can communi- 
cate to it. During this time the thermometer evidently is not in 
a fit state for an observation. While this gradual change in the 
condition of the thermometer is taking place, it is desirable, for 
obvious reasons, that no vapors should escape from the retort. 
I therefore proceed as follows. The retort, the neck of which 
has previously been wrapped with a wet cloth, is placed in such 
a position that the neck shall slightly incline towards the bodv 
•of the retort. If necessary, some pieces of ice, which will aa- 
here firmly to the cloth, may be laid along the neck to insure 
complete condensation of the vapors during ebullition. While 
the retort is in this position, ebullition is continued for consider- 
able time, until it ceases to have any efiect on the height of the 
mercury in the thermometer. The lamp being now removed for 
the moment, the neck of the retort is turned down, and quickly 
connected with a Liebig condenser. The lamp being now re* 
place(J, the distillation is commenced. So soon as the mercury 
in the thermometer shall have become constant, which will now 
occupy but a few seconds, the temperatures by the retort ther» 
mometer and the side thermometer are carefully noted, and also 
jthe time at which these observations are made. During the dis- 
tillation, which is continued nearly to dryness, the readings of 
the thermometers and of the watch are noted at regular intervals, 
or so often as any appreciable variation of the retort thermometer 
shall have taken place. The average of the several observations, 
or of those corresponding to the longer intervals of time, apply- 
ing the corrections for atmospheric pressure and for the upper 
columa of mercury, according to Kopp,'" is taken for the true 
boiling-point. I have generally obtained the hydrocarbons so 
pure that the whole quantity operated upon would distil within 
the range of 1^ of temperature, and not unfrequently within 0°*5, 
In a few cases, however, when the quantity of material at com- 
mand would not permit of the attainment of so high a degree 
.of purity, the distillation would range over two or three degrees ; 
in such cases I have generally taken the average of the temper- 
atures corresponding to the longest interval of time, as probably 

" Poggendorff* 8 Annakn, 1847, Ixxii, 38. 
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representing more nearly the true boiling-point of the body. In 
stating my results, however, I shall give the limits of tempera- 
ture within which the distillation was eflfected. The thermome- 
ters employed in the determinations were the best that I could 
obtain from Fastr^ of Paris; for the temperatures below 100® 
the instrument used was calibrated, and the scale divided into^ 
fifths of a degree. The determinations above 100® were all 
made with one thermometer. 

The method just described differs in some respects from that 
of Kopp. He objects to the practice of taking boiling-points 
.with the thermometer bulb immersed in the liquid," on the 
ground that the thermometer in this condition hardly ever indi- 
cates a constant temperature, the end of the mercurial column 
being in a state of motion. He states that a boiling-point taken 
in this manner may lie several degrees above that found with 
the thermometer bulb in the vapor. As bearing on this pointy 
I propose, a little farther on, to give the results of a few experi- 
ments and observations, which, with others of similar character, 
have induced me to depart from the now more common custom 
of taking boiling-points with the thermometer bulb in the vapor. 

Under normal conditions, the temperature of the boiling 
liquid and that of the vapor evolved should be the same. The 
only disturbing influence which appears to have been specially 
dwelt upon as likely to alter these conditions in the taking of 
boiling-points, is the liability of some liquids to adhere to the 
surface of the glass in such a manner as to produce abnormal 
elevation of temperature, generally attended with irregular 
ebullition, and consequent fluctuation of the thermometer. To 
remedy this it is usual to introduce pieces of platinum ; iron 
filings, coal, etc., have also been employed. As above remark- 
ed, pieces of coke — or, when admissible, sodium — are found to 
be more surely efiectual with hydrocarbons than platinum. In- 
deed, during more than three years of experience and careful 
observation upon a large number of hydrocarbons, I have not 
yet met with a single instance in which irregular ebullition and 
Its consequent disturbing influence upon the boiling-point might 
not be completely prevented by these means. Although I can- 
not, of course, go so far as to say that equally satisfactory results 
would be obtained with other liquids by the use of coke, it is 
nevertheless my belief that in a majority of instances such would 
be the case. 

I have dwelt upon this point for the reason that the objections 

** Lasst man die Kugel des Thermometers in die siedende Fliissigkeit tauchen, 
80 zeigt fast nie das Instrument eine constante Temperatur, sondern daa Ende des 
Quecksilberfadens ist in stetter hiipfender oder zittender Beweguog ; der auf diese 
Art gefundene Sledepunkt kann nur mehrere Grade holier liegen, als der, welcher 
gefunden wird, wenn sich die Kiugel des Thermometers in dem Dampf der sieden- 
den Fliissigkeit befindet." 
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to the custom of taking boiling-points with the bulb in the vapor, 
appear to be even greater than those which Kopp has raised 
against the opposite course of placing the bulb in the liquid, as 
I shall proceed to show. It therefore becomes a matter of some 
importance that the objections to one or the other custom should 
be removed ; and I think it will be found easier to overcome the 
objections to placing the bulb in the liquid, as I have done in 
the case of many hydrocarbons, even if coke shall not be found 
equally efficient with most other liquids. 

My experience has shown that, when irregular ebullition is 
effectually prevented, the temperature of the vapor from a boil- 
ing liquid IS more liable to lead to an erroneous determination 
of the boiling-point, than the temperature of the liquid itself. 
The reasons for this are, first, that the vapor is liable to become 
superheated by the hot air from the flame coming in contact 
with the sides of the retort above the surface of the liquid; 
second, that, with the bulb in the vapor, the thermometer is 
more liable to sudden depression from currents of cool air pass- 
ing over the retort. If the bulb be in the vapor, the occurrence 
of either of these disturbing influences would then affect the 
principal mass of the mercury in the thermometer; while, on 
the contrary, if the bulb were in the liquid, only the small quan- 
tity of mercury in the stem of the thermometer would be sub- 
jected to these influences ; the liquid then serving as a regulator, 
and reducing the error from these sources to a minimum. Fluc- 
tuations from currents of cold air are comparatively slight, and 
more easily prevented than those from overheating the vapor. 
The latter is the more likely to occur the lower the boiling-point 
of the liquid, or when the quantity of liquid in the retort is 
small. I have, however, observed from this cause an elevation 
of 3°-4° in distilling a body boiling as high as 98° C, without an 
unnecessarily large flame. But the liquid in this instance was 
pretty low in the retort. 

In the case of liquids boiling below the common temperature, 
it seems indispensable that the bulb of the thermometer should 
be placed in the liquid. As evidence of this I will here state 
the results of observations made while occupied in fractioning 
some exceedingly volatile products from American petroleum. 

Ikperiment 1. — The liquid operated upon boiled at so low a 
temperature that the distillation was effected by the heat of the 
surrounding atmosphere. The distillation was conducted in a 
flask, and the bulb of the themometer placed in the vapor. The 
flask was attached to my condensing apparatus, including the 
'* refrigerator, B, fig. 2." " The temperature of the condensing- 

" See Memoir " On Process of Fractional CoDdeDsation," Memoirs of the Amerir 
can Academy, 1864, and this Journal, last vol., p. 327. 
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worm contained in the " elevated bath, aa, fig. 2," " and alaa 
that of the "first receiver, A,, fig. 2," " was ll°-5. The tempera- 
ture of the " cold bath, ii, fig. 2," " was 11°. The condenser in 
" the refrigerator, B," and the "second receiver," were cooled in 
a mixture of ice and salt. With the liquid boiling steadily from 
several points on the bottom of the nask, and the condensed 
product from the distillation running Well from the refrigerator 
into the " second receiver," not a drop was condensed in any of 
the apparatus intervening between the flask and the "second 
receiver," although this part of the apparatus was cooled, as 
already stated, to about 11°. The temperature of the vapor in 
the flask at this time was 18°'5, or only 2°'6 below the terope^ 
ature of the laboratory. These observations show that the liquid 
was boiling at a temperature considerably below that indicated 
by the thermometer in the vapor. Additional evidence of this 
was furnished by the fact that, during the distillation, the exte- 
rior of th^ flask, from the bottom to about one quarter of an 
inch above the surface of the liquid, was thickly covered with 
water condensed from the atmosphere, resembling heavy dew; 
while above, the sides of the flask were perfectly dry. It was 
these observations which first directed my attention to the fact 
that the temperature of the vapor could not in all cases be de- 

J tended upon for the true boiling-point of a liquid, and naturally 
ed me to make other experiments with special reference to this 
question. 

Experiment 2 — The conditions of this experiment were some- 
what different from those of the first. The liquid operated upon 
was the extremely volatile product collected in the "second re- 
ceiver" of Experiment 1. The flask employed was smaller, and 
provided with two thermometers ; the bulb of one of these was 
placed in the liquid, and that of the other in the vapor. The 
flask stood in a water-bath containing ice- water ; this bath was 
also provided with a thermometer. The temperature of the ice- 
water bath was very gradually raised by means of a small flame 
from a Bunsen's burner. Temperature of the laboratory, 20° C. 
Observations during the distillation : — 

r Temperature of the water-bath, - - 10** 
1.] " ** boiling liquid, - S** 

( " " vapor, - - . IS^'-S 

Temperature of the water bath, - - 12® 
2.^ " " boiling liquid, - 9 



" " varkrkf _ _ _ 1 QO 



vapor, - - - 18* 

r Temperature of the water-bath, - - 18® 
15 minutes later. 3. -J " " boiling liquid, - 10® 

( " " vapor, - - - 14° 

*' See Memoir '* On Process of Fractional Condensation/' Memoirs of the Ameri- 
can Academy f 1864, and this Journal, loc. clt. 
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Temperature of the water-bath, - - 20° 
inutes later. 4. \ " " boiling liquid, - 12® 

" " vapor, - - - 19* 

Temperature of the water-bath, - - 23** 
inutes later. 6. \ " " boiling liquid, - 16** 

" " vapor, . - - 19** 

zperiment 8. — The subject of this experiment was a liquid 
h I had separated from the most volatile product of the re- 
lation, on a manufacturing scale, of the crude benzole ob- 
d in the distillation of coal-tar. The apparatus employed 
essentially the same as that used in Experiment 1, with the 
i-ion of the extra thermometers, as in Experiment 2. The 
ensing-worm in the " elevated bath," arid that in the **cold 
," and also the ** first receiver," were all cooled in pounded 

The condenser in the " refrigerator," and also the " second 
ver," were both cooled in a mixture of ice and salt. The 
% which stood in a small copper bath containing pounded 
ssras charged with about 250 c. c. of the liquid, which had 

previously cooled in a mixture of ice and salt. Tempera- 
of the laboratory, 16° C. Observations during the distilla- 

( Temperature of the retort-bath, - - 0** 
1.^ " ** boiling liquid, - 0**-6 

( " " vapor, - - - i3*»'5 

f Temperature of the retort-bath, - - 0** 
inutes later." 2. \ ** " boiling liquid, - l**-3 

( " " vapor, - - - 12**-2 

r Temperature of the retort-bath, - - 6** 
linutes later. 3. \ " " boiling liquid, - 1***8 

( " " vapor, - - - 12**-6 

r Temperature of the retort-bath, - - 11** 
linutes later. 4. \ " " boiling liquid, - 3**'8 

( *' " vapor, - - - 12**-4 

r Temperature of the retort- bath, - - 14**'5 
linutes later. 6. \ " " boiling liquid, - 7**-3 

( " " vapor, - - - 13**-8 

he apparent inconsistency that the temperature of the boiling 
id should be above that of the heating medium, — viz : an ice- 
i — which continued during the first forty -five minutes of the 
jriment, is to be explained by the fact that there was a long 
mn of mercury, above the surface of the liquid, which was 
ected to the heating influence of the vapor. I would further 
ark that, the gradual elevation of the boiling-point, as indica- 

rrom this point the temperature of the retort-bath was gradually raised by 
s of a small gas-flame. 

. Jour. Sci.— Second Sekies, Vol. XL, No. 119.— Sept., 1866. 
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ted by the thermometer m the liquid, is alao only apparent, and 
ia due to the gradual uncovering of the bulb as the liquid wai 
distilled off. At the close of the experiment only about one- 
fifth of the bulb, which uufortunalely was a long one, was nnder 
the surface of the liquid. That this is the true explanation is 
evinced by the ftict that during the expenment not a drop of 
liquid was observed to fall back into the retort from the " eleva- 
ted condenser," although this was a tube ten feet in length, and 
cooled to the temperature of 0°. 

I will now proceed to give my determinations of the boiling- 
points of various hydrocarbons, and of some of their deriva- 
tives, and then pass directly to consider the bearing of these 
results on the question concerning the increment of boding-point 
for the addition of 0,H, in homologous series." The data foe 
these considerations may be more conveniently arranged in 
tabular form, exhibiting at once, in serial order, the formula, 
boiling-points, elementary difference, and the corresponding dif- 
ference of boiling-point. 

\, Of the Hydrocarbons obtained from Pennsylvania Petrolam. 







'iz= 


Diffawnco of 


Kin^ of TBmpsilliiii 


Tmraii\». 


Dolllaf-pDidt 


lioilisg-pnidl 


Kiihinu'hlrhlbcnb- 






founr - 


«on«w«.ld.IUi.i,Mi 


C* H,» 


0-0 0) 




" 


= 


C,„H,, 


30'2 


O.E. 


30-2 


1-5 


C.JI . 


61-3 


o"h. 


31-1 


0'8 


C^H « 


90'4 


C.ll' 


29'1 


1-0 


c'fiH'fl 


110-5 


C.H, 


29-1 


10 


<^.»Hso 


150-8 


0,H, 


318 
lfiO-8-^5 


= 30''16 


Average increrr 


enL of boili 


g-point for I 


he ftdditiun 


f CjH^ — 30»'JB. 



' " In conuderlng this quettion I sh&ll include the bniliDg-points of the RubeUDMt 
irhich I have sepnrnted frum PeiingylTania peCraleum, and the oil dliitjlled from 
Albert coiil ; reserving for a Bubeequent memoir all other fectg which have been 
derived from the atudj of these boJjeB. 

" Tlie mnges of temperature given in this and in the correspond I ng- colutmn of 
tbs followiDg lubles, are fur the purpose of sbowin;; (he impossibilit]' of there hav- 
ing been Hnj esseDtial error in the determinatinns of the boiling-points ; u ii 
evinced bj the fact, in each case, that tlie vbole product was (bund to dietit vith- 
out reaidue vitliin such narrow limite. With ao email a range of temperature, it ii 
evident that it would make no practical difference whether either extreme or the 
mean of the ohservatioDB be taken for the bui ling- point. 

The fact that theae eubatances distil without residue within eo short a range of 
temperature, ia also of much value as proof of the exiatenie of thu two parallel 
'a petroleum and in coal-oil, with boiling points so nesr together [as shown 
* ■■-''■'-- "et with 'the eecood series from petro- 

ls from Albert eoal-oilj ; eapeciall; if 
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2d series.^* 



ForoHiIa.d) 


Boiling-point. 


Elementary 
difference. 


Diflference of 

boilinp-point 

found. 


Range of temperature 
within wliicii the sub- 
stance would all distil. 


)^10^12 
^16^18 


o 

8-9 
37-0 
68-5 
981 
127-6 

lent of boilin 


C2H2 
C2H2 

C2H2 




29-0 
31-5 
29-6 
29-5 




0-4 
0-6 
1-2 
1-5 

= 29*»-9 
rC2H2=29°-9. 


A^verage increnr 


119-6-^4 
g-point for the addition oj 



3d series. (Not completed.) 



Formula. 


Boiling-point. 


Elementary 
difference. 


Difference ol 

boiling-point 

found. 


Kange oi temperature 
wiiiiin which the sub- 
stance would all distil. 


^20^20 
^22"22 
^24^24 


174-9 
195-8 
216-2 






20-9 
20-3 




1-7 
1-6 
2-2 


Average increir 


lent of boilin 


g- point for th 


41-2-7-2 
e addition 


=20*»-6. 

f C2H2=20**-6. 



bis is considered in connection with the fact, so far as my experience goes, that the 
uantities of material in one series are generally about equal to those in the other. 

That no erroneous conception may be formed as to the degree of purity of the 
ubstances treated of in this and the follo^ving tables, from a mere inspection of 
lie ranges of temperature here given ; and in order that the almost absolute con- 
taocy of tlie boiling-points, in most cases, may not be overlooked, I would refer to 
le preceding memoir for further details conceruing the boiling- points of such of these 
odies as are therein treated of. For example, it will be tound under the head of 
Determination of boiling-point" of benzole, that in the distillation it required 60 
duutes for the temperature to rise 0<^'2 ; while in one of the following tables it will 
e seen that the range of temperature within whii^ the ben2ole distilled to dryness 
ras found to be 0°"8. Likewise, by reference to the ** Determination of Itoiling- 
oint " of toluole it will be observed that it was found to boil absolut«^ly cotistant 
8 minutes; while the range of temperature given in the table referred to is 0°7. 
3 such cases as these, the slight rise of temperature which takes place just before 
oing to dryness, is doubtless to be attributed to superheating of the vapor, in con- ' 
squeuce of there being so small a quantity of liquid in the retort. Similar in- 
iiuces of absolute constancy of boiling-point to thotie just cited, might be given 
om among the products in either series from petroleum and Albert coal ; which 
le ranges of temperature given in these tables do not indicate. 

" ] am somewhat in doubt whether the bodies composing this series and the 
scond seiies from Albert co^il have the formula CnHii-f.2 as here represented, 
lere being some indication that they contain less of hydrogen. For the purpose 
>r which they are now ))resented, it is immaterial which formula is employed, as 
le common elementary difference and the boiling-point differences would remain 
le same; the solution x>f this question is therefoce deferred for a siUMequenjb 
emoir. 
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2. 0/ the Hydrocarbons obtained from Albert coaL 

IsT 8EBTE8. (Not Completed.) 



Formula. 



^10^12 
^145l6 



Boiling-point. 



69-9 

90-6 

119-7 



Elementary 
dilf'ereuce. 



C2H2 
C2H2 

CoUo 



Difference of 

boiling-puint 

found. 



30-7 
29-1 



Bange of temperature"! 
within which tlieiob-l 
stance would all distil 



1-5 
0-5 
0-5 



^16^18 

59-8-^2=29®-9 
The average boiling-point difference, in this series, for the addition of 
C2H2, is, therefore, 29^-9. 



2d series. (Not completed.) 



17 



Formula. (7) 


Boiling-point 


Elementary 
difibrence. 


Ditt'ert'nce of 

boiling-point 

found. 


Range of temperature 
within which the sub- 
stance would all distil. 






680 

98-6 

125-1 


C2H2 

C2H2 
C2H2 




30-6 
26-6 




10 
0-6 




Averag 


e boiling-poin 


57-1-^2 
it difference . 


=28*'-6 
=28«-6. 



8. Of Hydrocarbons obtained from Coal-tar Naphtha, 



Name of substance. 


Formula. 


Boiling-point. 


Elementary 
difference. 


Benzole, 
Toluole, 
Xylole, 
Isocumole, 


^12^6 
^16^10 


80-0 
110-3 
139-8 
169-9 


C2H2 

C2H2 
C2H2 



DiffBronce of 

.boiling-point 

found. 



30-3 
29-5 
30-1 



Range of temperal^ire 
within which the sub- 
stHnce would all distil. 



0-8 
0-7 
0-4 
1-0 



89-9 



Average increment of boiling-point for the addition of C2H2=89-9 
-^3=29**-97. 



4. Of Cumole from Cuminic Acid, and Cymole from Oil of Oumii 



Name of substance. 


Formula. 


BoHing-point. 


„, . Difference of 
E ementary boiling-point 
.difference. [ f„,f„Vl. 


Range of temperatur 
within which the ^ut 
stance would all disti 


Cumole, 
Cymole, 


Ci8H,2 


I5V1 

179-6 


C2H2 




28-5 




3-6 
1-2 



With only a single exception, the results presented in tl 
above tables point clearly to 30"^ as the common increment f( 
the addition of C3H3 in homologous series of hydrocarbon 

" See footnote on preceding page. 
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[ndeed, leaving out of the calculation the third series from petro- 
leum (having the general formula CnHn), — which must remain 
anomalous, — and also the products from oil of cumin, the aver* 
age of all the other boiling-point differences is 29° 75. The few 
individual variations from the number 30°, rarely exceeding a 
single degree, may reasonably be attributed to errors of the 
thermometer (especially in case of temperatures above 100°), 
or in some instances to a want of purity of one of the compared 
substances ; which latter cause I doubt not is the case witn the 
body from petroleum boiling at 37°, as upon this body I had 
bestowed less labor in fractioning than upon most of the others, 
on account of the extreme volatility and consequent loss of the 
substance, by which the quantity had become so much reduced 
that I could ill afford further loss. In the case, also, of cymole 
from oil of cumin, and cumole from cuminic acid, in which the 
boiling-point difference varies only 1°*5 from the common differ- 
ence of 30°, the want of perfect agreement may be fairly ac- 
counted for by the fact that the quantity of cumole at command 
was too small to admit of continuing the process of fractioning 
far enough to obtain perfect constancy of boiling-point. In con- 
sequence, also, of the quantity being so small, the determination 
of the boiling-point of cumole is less reliable, as this had to be 
conducted in a test-tube. It came into full ebullition at 148°-4, 
the temperature rising gradually to 151°*6 (observed tempera- 
tures), at which latter temperature it had distilled nearly to dry* 
ness. The distillation occupied thirteen minutes in passing over 
the range of three degrees. The average of the extremes, with 
the usual corrections for pressure, &c., was taken for the boiling- 
point. AbeV who probably operated on a larger quantity, 
found the boiling-point of cumole to be 148°. It does not ap- 
pear that he applied the corrections for pressure and the upper 
column of mercury. I do not doubt that the true boiling-point 
of this body will be found to be 150°, which would establish the 
difference of 30° between it and cymole. 

I would here remark that this difference of 30° for the addi- 
tion of CgHj, was first observed while engaged in fractioning 
Pennsylvania petroleum, and the oil from Albert coal, — substan- 
ces the most difficult to separate, on account of the presence in 
each of two parallel series of constituents, whose boiling-points 
lie so near together. 

As no one had preceded me in the investigation of these sub- 
stances, my mind was as far as possible unbiased as to the boil- 
ing-points of the constituents of these mixtures. I was, however, 
aware of the beautiful relation between elementary constitution 
and boiling-point which Kopp had discovered, and familiar with 
the fact that the more recent investigations had shown the boil- 

'" Annalen der Chemie uud Fharmacie, 1847, Ixiii, 308. 
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ing-poiDt difference among homologous bydrocarbons to be about 
22° 0. If there was any one thing which more than another 
tended to bias roe, it was the recent work of Church" on the 
boiling-points in the benzole series, iri which he made the boiling- 
point ditference invariably 22° and a fraction, a number varying 
but 3° from the theory of Kopp. Soon after the publication of 
Church's results, however, Kopp"" accepted the number 22°'5 as 
about the boiling-point difference in this series, therefore regard- 
ing it as one of the exceptional series in which the boiling-point 
difference is greater than 19°. The work of Church had eertainly 
the appearance of having been performed with great care, eon- 
ducting to a beautiful harmony of results. My confidence in 
his determination of boiling-points was increased not a little by 
his alleged discovery in coal-naphtha of x;ylole, boiling at 126°*2, 
indicating a more thorough analysis of this naphtha than those 
which had been previously published. This body, the supposed 
middle member of the benzole series, had up to that tifne been 
regarded as wanting in coal-tar naphtha, although all of the 
other members, above and below it, were found to be present,— 
an anomaly not easily reconciled with any plausible theory in 
regard to the formation of these bodies. In view of these cir- 
cumstances, therefore, I was naturally led, from analogy, to an- 
ticipate that the boiling-point difference among the hydrocarbons 
from petroleum and Albert coal would not vary much from 20°. 
Not being able, however, to reconcile with previous facts and 
theories on this subject the indications which were being grad- 
ually unfolded by my seemingly unerring process of separation, 
I was compelled to lay aside all bias, and to regard these indica- 
tions as pointing unmistakably to a much greater difference of 
boiling-point for the addition of CgHg than had previously been 
supposed to exist in this class of substances. 

Having finally established beyond question the common dif- 
ference of 80° for the addition of O3H3 among the hydrocarbons 
from Albert coal and petroleum (the third series from petroleum, 
with the difference of 20°, had not then been reached), I began 
to surmise that this difference might be found to be common 
among all other series of hydrocarbons. In this connection my 
mind naturally reverted to the earlier determinations of the 
boiling-points of the members of the benzole series, some of 
which, especially those of benzole and toluole, which had been 
more studied than the others, indicated strongly that 80° might 
prove to be the true difference for the addition of Cgilg in this 
series. My confidence in Church's determinations thus began 
to diminish, and finally, I undertook to make a thorough analy- 
sis of coal-tar naphtha, the results of which are given in table 3. 

** Philosophical Magazine, 1855, [4], ix, 256. 

** ADnaleti der Cbemie und Pharmacie, 1855, xctI, 29. 
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As there shown, the boiling-point diflference in the benzole series 
is also 30°, and the number of its members is reduced to four, 
in place of five, as alleged by Church. 

This difference of 30% thus shown to be so common with the 
hydrocarbons, is so much larger than the difference of 19° which 
Kopp bad found so frequent in other classes of substances, that 
the oiscrepancy cannot be regarded otherwise than as conclusive 
evidence, if such were wanting, that all liquid bodies do not obey 
the same law in this regard, but that there are unquestionably 
those series in which the boiling-point difference for the element- 
ary difference of G^K^ may be greater than 19°, of which Kopp 
has already furnished some examples. 

That the difference may also be kss than 19° in some series 
receives confirmation from the facts presented in the following 
tables. 

6. 0/ the NitrO'Compounds derived from t/ie Hydrocarbons of the 

Benzole Series. 



Name of sabstaaee. 


Formula. 


Boiling-point. 


Elementary 
diflference. 


Diflference of 
boiling-point 


Nitro-benzole, 
Nitro-toluole, 
Nitro-xylole, 
Nitro-isocumole, 


C,,H, NO, 
Cj,H, NO, 
C,,H, NO, 
C.,H,.NO, 


212-1> 
225-9) 
239-3 ( 


C.H2 
C2H2 
C2H2 


13-8 
13-4 



7. 0/ the Alkaloids derived from the Hydrocarbons of the Benzole 

Series, 



Name of sabstance. 


Formula. 


Boiling-point. 


Elementary 
difllbrence. 


Diflference of 
boiling-point 


Aniline, 
Toluidine, 
Xylidine, 
1 Iso-cumidine, 


C,,H, N 
C.,H« N 
C.,H..N 


184*^6? 
201-7^ 
216-0* 


CgHg 




17-1 



In regard to the results presented in the last two tables, it 
may be remarked, first, that of the difference shown in the table 
of nitro-compounds, viz: an average of 13°-6, the discrepancy 
between this and the number 19°, being 6°'6, is so large as to 
leave no room for reasonable doubt that this is one of those ex- 
ceptional series in which the boiling-point difference is less than 
19° for the elementary difference of CaHg. As this series does 
not appear to have been examined by Kopp, I have taken care 
to make as accurate a determination of the difference as circum- 
stances would allow. The boiling-points were corrected as usual 
for pressure and the upper mercurial column. The boiling- 

* Not corrected. 
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points which have already been published of these bodies, so Ikr 
as I have noticed, appear to have been given in the observed, 
i. e. uncorrected temperatures. The quantities of nitro-benzole 
and nitro-toluole which I operated upon were sufficiently large, 
and of a high degree of purity, presenting perfectly constant 
boiling-points. The quantity of nitro-xylole, nowever, was not 
so large as would have been desirable. Although the boiling- 
point of this body is doubtless very nearly correct, those of nitro- 
oenzole and nitro-toluole are more to be relied upon; and 
omitting the fraction, the number 14° may, I think, be safely 
taken as the true boiling-point difference in this series. Second* 
ly, that the less striking (fifference presented in the series of alka- 
loids, being only 2° under the number 19°, cannot reasonably 
justify the assumption that this small discrepancy of 2° is attrio- 
utable to impurity of the substances, or to inaccuracy in the de- 
termination of the boiling-points, when it is considered that 
great care was taken to obtain a high degree of purity and accu- 
racy, and when it is considered also tnat previous observers 
have made this discrepancy larger than mine. It was on ac-. 
count of the fact that so small a discrepancy would naturally 
raise a doubt as to the reliability of the determinations, and for 
the reason that Kopp'" has considered this series of alkaloids as ' 
agreeing tolerably well with his general law, that special care 
was taken on my part to arrive at a correct result. I am conS- 
dent, therefore, that the boiling-point difference here will not be 
found to vary more than a fraction from 17°. Of the absolute 
accuracy of the boiling-points themselves I do not speak so cou- 
fidently, since these depend so much on the accuracy of the 
thermometer at these high temperatures ; but the correction of 
any errors which may have arisen from this source would not 
be likely to alter the relation, and the difference between the 
boiling-points would still remain about the same. This remark 
applies with equal force as to the reliability of the other boiling- 
points presented in this paper, especially of those of high tem- 
peratures. 

It remains now to consider the foregoing facts with reference 
to the other theories mentioned. 

[To be concluded. J 
'' Annalen der Chemie und Pharmacie, 1855, xcvi, 24. 
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Abt. XXIII. — Barometer ; by James Lewis. 

In the present condition of meteorological science, there is a 
growing demand for facilities of observation that invites the aid 
of mechanical appliances which have for their purpose to make 
automatic records of phenomena practically free from sensible 
errors. The remarks about to be made are suggested by exper- 
iments and calculations that have been made preliminary to the 
construction of a compensated, self-registering barometer. The 
form of instrument to which they relate is an improvement upon 
the apparatus called the ** Syphon Barometer." In the course 
of the experiments referred to, a syphon of steel was made, the 
dimensions of which are approximately as follows, viz : vacuum 
chamber — length=4:'5 inches; diameter=0*4:l inch. Section of 
tube connecting the vacuum chamber with the base of the sy- 
phon — length=28'75 inches; diameter= 0*3 inch. A capillary 
passage through the base connects these parts with the short arm 
of the syphon. Before filling the tube with mercury, a piston 
with a porous packing was introduced into the detached and in- 
verted long arm of the syphon, the open end of the tube being 
embraced by a suitable funnel to prevent loss of mercury. 
Mercury was then filtered into the tube, above the packing of 
the piston, until the whole tube was filled, the funnel around its 
open end embracing an excess. The piston was then made to 
wipe the walls of the vacuum chamber, and was afterward with- 
drawn from the tube by a pumping process — wiping and pump- 
ing successive portions of the tube repeatedly, the mercury fil- 
tering through the porous packing of the piston into a vacuum. 
Tests for vacuum expanded any remaining bubbles of air, and 
the pumping process again repeated reduced the tube and its 
contained mercury to a condition indicative of a perfect vacuum 
which has maintained its integrity through a period of dver six 
months under circumstances well calculated to test it. The pro- 
cess of boiling, usually deemed essential, was omitted. The 
operations of this s^^phon indicate that the diameters of the short 
arm and vacuum chambers are nearly large enough to remedy 
the resistance of capilarity and adhesion to the free movement of 
the mercury. The syphon is supported by an adjusting screw 
beneath its base. In the short arm of the syphon, and in con- 
tact with its contained mercury, is an iron float, the diameter of 
which where it touches the mercury, is about 0*25 inch. The 
contact is perfected by amalgamation. The float is suspended 
by a slender thread of untwisted silk, which passes around a 
wheel I inch in diameter, the axis of which is about 002 inch 
in diameter, and rests on four friction wheels. One end of the 
axis of the wheel carries an index which points to divisions on 
Am. Jour. Sci.— Second Sbbibs, Vol. XL, No. 119.— Sept,, 1865, 
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a dial graduated to hundredths of an inch ; the spaces between 
the divisions are sufficiently wide to be readily divided into tenths 
(= thousandths of an inch) by an experienced eye. Behind the 
index, and attached to the same axis, is a very light skeleton 
wheel three inches in diameter, the periphery of which is giooyed 
for the reception of a very fine silk cord which supports a light 
metallic frame carrying a registering point, the movements <rf 
which are restricted to a vertical path by means of a very Aea- 
der guide-wire. The metallic frame and registering-pomt an 
rather more than counter-poised by the weight of the float that 
communicates with the mercury. The amount of friction invol- 
ved in these parts is slight and does appreciably interfere with 
the movements of the mercury. The puUy which is embraced 
in this arrangement, and which transmits the movements of the 
mercury to the registering point, multiplies precisely eight times: 
but as only one half of the barometical fluctuation is manifested 
in the short arm of the syphon, the scale of record requires four 
standard inches for the measurement of a barometrical inch. 

The registering apparatus embraces a number of cylinders 
(the axes of which are parallel with the vertical path of the 
registering point) for the purpose of moving a fillet of paper six 
inches wide, so as to receive impressions from the registering 
point ; also, a registering hammer with a radius of f inch, con- 
sisting of a bar of metal six inches long, revolving about an 
axis parallel with itself and the axis of the cylinders, so as to 
impinge on the registering point at any part of its traverse across 
the fillet of paper. It would be better were these parts de- 
signed to embrace eight instead of six inches movement of the 
registering point. The registering apparatus is operated by 
clock work which imparts motion at stated intervals, as one 
hour, a half or a quarter, as may be determined by shifting the 
position of a lever arranged for that purpose. The announce- 
ment may be new that a syphon barometer contains within itself 
the elements by means of which it may be successfully compen- 
sated for temperature. 

Compensation, outside of, and separate from the tube itself is 
objectionable for two reasons: first, the error of temperature 
varies with the height of the barometrical column, and also with 
the quantity of mercury in the syphon — these two conditions 
determine another condition which establishes compensation ai 
one point of elevation of the barometrical column, above or beloif 
which the error of temperature is variable, plus or minus; 
second, any system of compensation outside of the syphon, will 
necessarily involve mechanical complexities liable to disturb- 
ance by slight causes. 

These additions will of course involve additional items of cost, 
which, if bestowed upon the compensation of the tube itself, 
would permanently obviale sW 3i^Sic,\i\XAft!^. 
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The question of compensation will now be examined,, requir- 
ing only the comprehension and aid of the artisan that it may be 
wrought into b. practical solution, at once available for the pur- 
poses of the meteorologist 

Proceeding upon the assumption that the maximum elevation 
of the mercury in the barometer is below the limit of 32 inches, 
let there be supposed a syphon of iron or steel free from flaws, 
the long arm of which has an elevation of 32 inches, the short 
arm an elevation of 6 or more inches, their diameters being any 
convenient unit and equal/ The communication between the 
two arms of the syphon may be a small orifice (say 0*03 inch in 
diameter) through the base, large enough to permit free passage 
for the mercury, and small enough to admit of handling the 
syphon in the necessary manipulations of erection without en- 
dangering loss of its contents by a sudden movement. The con- 
tents of the passage through the base may be disregarded in the 
calculations on which the compensation depends. Now, regard 
the long arm and the passage through the base of the syphon as 
having been filled with mercury at the temperature of 32° F. 

The elements which enter into the compensation of the syphon 
require to be considered, viz : a unit of volume of mercury at 
32* F., becomes at 212°, 1-018018 (Guyot's Tables) = A ; a linear 
unit of iron at 32°, becomes at 212°, 1-0012534363 (Hassler)=B. 

The theoretical elevation of a barometrical column of 32 
inches by a change of temperature from 32° to 212° F., will be 
32 A. The excess over its former elevation may be expressed 
"by the terms 32 (A— 1). In the syphon, the iron tube expands 
by the rate B in each of its three cubic dimensions, two of 
which (involved in the squafe of the diameter) tend to diminish 
the elevation of the mercury by enlarging its sectional area, so 

that the elevation of the column might be expressed by 32=r2, 

referring to a tube closed at its base and open at top ; the excess 
over its original elevation may be expressed by the terms 

32(^— l). This last expression is less than the unit of excess 

of elevation due to temperature = 32 ( A— 1) which it is neces- 
sary should be attained m the long arm of the syphon, to estab- 
lish compensation, (presuming that it is attainable as a theoretical 
consideration). The decimal proportion of the actual excess of 
elevation of the mercury in the tubes to the required excess of 



32 



(p-) 



elevation may be obtained from the expression ^ — -^. In 

' The minimtim diameter should not be less than half an inch ; the maximum di- 
ameter, on the other hand, need not exceed one inch. A compromise between coi{^ 
and efficiency may suggest so^iething betweeii ,1fhese ext];€imes. 
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the general application of this expression to the computation of 

the compensation of the syphon, the expression is -—-r A in 

which' H is made successively equal to 32, 31, 30, 29, &c., as fer 
as it may be necessary to proceed. The diflTerence in value of 
the numerator and denominator of this fractioD, represents the 
error of temperature for 212^. Eegarding the expression 

32(^,-1) 

-=-- — — ^ as being but a fractional portion of the reqmred 
H(A— 2) 

unit of excess of elevation for temperature, it will be understood 
that the volume of mercury which it represents way have tb 
altitude increased by diminishing its sectional area. Thus, if the 
expression be regarded as a unit of elevation but a fraction of 
sectional area, the square root of the expression becomes a diam- 
eter. This process modifies the form of the upper end of the 
long arm of the syphon, converting it to a truncated chamber' of 
the form of a solid of revolution, the smaller end at top. The 
lines of vertical section of this solid are curves, the asymptote 
of which is the axis of the tube. The diameter of the conical 
chamber, beginning at top and measuring at intervals of half an 
inch, are in the following values, which relate to the original 
unit of diameter; 
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The curve which defines the outlines of the chamber is so 
slight a departure from a right line (0004433 in the limits of 
the available part of the cavity) that it may be regarded as a 
straight line in the calculations which define the proper length 
of the solid of revolution without involving sensible errors in 
the compensation. The solid of revolution becomes then a cone. 
This cone should embrace the same cubic space as an equal 
length of the original tube, and it must therefore have the same 
mean sectional area ; make x = base of cone, d = truncated top 

(diameters), the value of x may be found from — ■ — ^ =1. 

aj=l-071618. This value occurs between the diameters 1*069976 
and 1:092992, and its location is determined by 4ihe -proportion 
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of its difference from the first of these two stated diameters, to 
their own difference. The length of the cone by this process is 
4*035700 inches, a very small fraction too short (when the cury- 
ature is considered) ior perfect compensation; but the resulting 
errors are inappreciable. 

In the proposed compensated syphon, the interior capacity and 
anercurial contents are intended to be the same as if the tube 
were of uniform diameter. The object sought is to secure in the 
long arm of the syphon the theoretically required elevation due 
to temperature, so that no errors of temperature will be differr 
entiated betv/een the two arms of the syphon. The conical 
chamber will accomplish this object by imparting the required 
elevation at the expense of diameter. But this modification of 
the upper end of the long arm changes its relation to the pre- 
viously cylindrical short arm of the syphon, and requires that 
the short arm should be an inverted fac simile of the conical 
chamber, so that under the influence of barometrical changes, a 
given portion of the column of mercury transferred from the 
contents of one arm to the contents of the other shall not un- 
dergo any change of vertical dimensions. In effect, the full 
cubic contents of the conical vacuum chamber will occupy the 
same conical space (at the temperature 32°) at all elevations of 
the barometrical column, the vacancy in the vacuum chamber 
being equalled by the space occupied by mercury in the short 
arm of the syphon. 

The tendency of the surface of the mercury to assume a 
spherical form with increased elevation may require a trifling 
adjustment. Another adjustment may also be necessary on ac- 
count of the tendency of the mercury to seek that position in a 
conical space which least diminishes its sphericity. 

At the temperature 32^ P. the lower limit of utility of the 
syphon will be reached with a barometrical pressure of 23*929 
inches, the upper limit being 32 inches. The point at which 
the tube would be self-compensating, if cylindrical, corresponds 
to the pressure 27*483489 inches at 32°. Above that point the 
error has the same sign as in the ordinary barometer,; below 
that point the sign of the error is inverted. 

The point of self-compensation for a cylindrical tube corresr 
ponds to the section of mean diameter, or rather, diameter of 
mean sectional area of the conical chambers. 

The following table exhibits the temperature errors of a cylinr 
drical syphon of 32 inches range, for 212°. 
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Art. XXIV. — On a new Illuminator/or Opaque objects under high 
powers of the Microscope; by H. L. Smith, of Kenjon College. 

In attempting to study the structure of the diatomaceous frug. 
tule, I found it impossible to view it with high powers as an 
opaque object, by any means hitherto devised. In a valuable 
paper on the scales of the Podura, (Mic. Jour., N. S., vol. ii, p^ 
86), Mr. Eichard Beck has stated that there is no difficulty in 
viewing them as an opaque object with the -Jth in. objective and 
condensers rightly placed. Any illumination of Diatoms thus 
obtained is almost useless, from the great obliquity of the light^ 
and with powers higher than the ^th in. is quite impossible. 

Mr. Boss's ingenious arrangement, suggested by Mr. Brooke, 
of a plain reflector, flush with the front surface of the objective, 
and receiving light from a truncated ellipsoidal reflector below, 
is so exceedingly difficult to use, and only with a special mount- 
ing of the object, that it has never been generally adopted. Mr. 
Wenham's method is entirely inapplicable to Diatoms, inasmuch 
as it depends upon the total reflection of the light from the un- 
der surface of the glass cover of a mounted object, and in such 
case the Diatoms, from their transparency, and the near coincid- 
ence of refractive index of silex with that of the mounting fluid, 
throw back but a feeble light and are nearly invisible. The use 
of the well known coUimating eye-piece suggested to me the 
idea of making the objective its own condenser, and upon com- 
municating this idea to Mr. Wales, already well known for the 
excellence of his objectives, he at once sent me a trial instru- 
ment. This first illuminator proved so far successful that I was 
induced to persevere, and with his assistance an "Dluminator" 
has been constructed which gives entire satisfaction, and an- 
swers admirably with all objectives from a y\th to a -^^th. 

It must be borne in mind that there are certain difficulties to 
be overcome in this mode of illumination, the chief of which is 
the reflection of the light from the posterior surface of the back 
combination of the objective. All the difficulties are now sur- 
mounted, and there is no trouble in viewing Diatoms, or other 
objects, mounted dry, and uncovered, with the highest powers 
of the microscope, and with abundant illumination ; and this 
without any trouble in mounting the object on little discs or 
pin^ but using the ordinary 3 in. by 1 in. slide. 

As I do not here intend describing the instrument in detail, I 
will only say that it consists essentially of a rectangular brass 
box, having the " Society screw " at the top, to attach it to any 
microscope tube, and At the bottom, to receive any objective; 
and so constructed tha4; it can be placed in any position with re- 
gard to the lighjt. A brass draw, moved by screw and milled 
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head, slides into the box, and carries a reflector of silver, also 
movable on its own axis by means of small milled heads ; the 
forward edge of the reflector is carved, and it is concave, having 
a focus of about six inches. By means of the screw, the curved 
edge of this reflector can, when adjusted at an angle near 46°, be 
pushed more or less over the opening at the back of the objec* 
tive. Opposite to the reflector, and attached to one side of the 
box, is a revolving circle of diaphragms, of great use in regulat- 
ing the light, so as to exclude all fog or glare ; the apertures 
vary fix)m aV^l^s to s^th. of an inch. 

I had supposed that the idea of making the objective its own 
illuminator was original, until very recently, when I found that 
Dr. Riddell had proposed to place Shadbolt's annular ring behind 
one of the lenses of the objective, and to reflect light, received 
up bv the side of the lens, back down through it.* I need not 
say that this method is entirely impracticable ; it would require 
a very peculiar mounting of the objective, and also of the ob- 
ject, to allow the rays to pass up into the ring in order to be 
again transmitted down through the objective. Moreover, par- 
allel rays would scarcely answer, as the working distance of the 
objective is not exactly the distance at which it would condense 
parallel rays reflected through it. This, however, might be rem- 
edied. It IS hardly desirable to receive the illumination from all 
sides. A unilateral light reveals the structure much more clearly. 
I attempted, at first, to employ as the reflector, a disc of the thin 
glass, or two or three of them, used as covers of microscopic 
objects. A very good illumination, without sensible interfer- 
ence with definition, when the glasses are clean and well selected, 
may thus be obtained ; and the reflection, from the posterior sur- 
face of the objective lens, may be entirely removed by a Nich- 
ol's prism over the eye-piece ; but by an illumination produced 
in tnis way the field has a peculiar flatness, no shadows are per- 
ceived ; there is the same difference that one experiences in view- 
ing the mountains and cavities in the moon when she is in 
quadrature and when she is fully illuminated. Indeed, I have 
round that nothing can compare with the unilateral illumination 
from the silver reflector rightly managed. A fixed reflector 
attached to the objective, has, I believe, been recently proposed 
by one of the New York opticians as an improvement ; but it is 
very obvious this is far inferior to the adjustable one, which not 
only answers for different objectives, but, from the very fact of 
being movable, enables the light to be condensed in the most 
perfect manner just where it is wanted, and, with the slightest 
touch, removes all fog and glare. I think it will sufficiently ap- 
pear that the method I have proposed and carried into effect, is 
in reality novel, and no modification of Dr. Riddell's, as has been 

' See this Journal, [2], xv, 69. 
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stated. It would be strange if the idea of a reflector behind 
the objective, had not occurred to this ingenious and veteran mi- 
croscopist; but if so he seems never tp have carried it out in 
practice. In the annual address of the President of the Micro- 
scopical Society of London, Feb. 11, 1857, four years after he 
proposed the annular ring, we find the following: " This is a 
problem," the illumination of opaque objects under the hightii 
powers of the microscope, " the solution of which has been at- 
tempted by numerous adepts in manipulation with onlv very 
partial success." He then speaks of Mr. Wenham's method as 
oy far the best. If then, Dr. Riddell, or any one else, had pre- 
viously succeeded in accomplishing so desirable an object, why 
has it been kept secret? It is not the one who may have had 
vague ideas as to the possibility of accomplishing certain results 
who is to be considered as the real benefactor ; rather he who 
puts it in tangible shape before the world, and, surmounting the 
difficulties of practice, makes the idea a reality. I make these 
latter remarks because I have heard, with some surprise, that it 
has been stated, by an optician of deserved celebrity, in a meet- 
ing of the Microscopical Society of New York, that the " lUa- 
minator," as constructed by Mr. Wales, is only a poor modifica- 
tion of Dr. Riddell's method. 

As the " Illuminator " is already in the hands of many, I ap- 
pend a few simple directions as to its use. The objective must 
be adjusted for an uncovered object, though I find few are 
rightly marked. An ordinary paper-covered slide, with bits of 
gold leaf on it, answers admirably as an object to adjust the 
light. The Illuminator being screwed on to 'the tube, and the 
circle of diaphragms placed facing the light, (I find the ordinary 
coal-oil lamp with flat flame to answer admirably, the flat side 
being toward the reflector), turn the reflector at an angle of about 
45°, and allow the light to enter the largest aperture of the 
diaphragm. By means of the screw, push the reflector forward 
nearly as far as it will go. Turn the reflector on the axis of the 
tube, and on its own axis, until the light, which may be placed 
10 or 12 inches to the left of the microscope, and directly oppo- 
site the circle of diaphragms, is reflected down on the paper-cov- 
ered slide, the tube of the microscope being racked up to about 
the position it will occupy when the objective is screwed on and 
in focus. The light thus reflected down, should appear just at 
the curved edge of the reflector, in the axis of the tube, when 
looking through the tube, the eye-piece being removed. Now 
screw on the objective, and before replacing the eye-piece bring 
it into focus. The field will appear brilliantly illuminated, as in 
using a lens with a lieberkuhn ; if not, a slight movement of 
the reflector, or diaphragm, or light, will quickly accomplish 
this. Put in the eye-piece and adjust for focus; if the field is 
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not clearly illuminated, say with J in. objective,: a littfe fingering 
of the reflector, or diaphragm, will suffice to effect this. The 
screw which moves the draw and reflector may now be with- 
drawn, uncovering all but about a quarter or one half of one 
Bide of the posterior lens of the objective ;. and, if care has 
been taken to properly adjust the diaphragm and reflector, a 
most brilliantly illuminated field, free from all fog and glare, 
will reveal objects with a beauty and clearness inconceivable by 
those who have never used high powers of the microscope upon 
opaque objects. The most common objects appear with new 
and hitherto unsuspected beauty, brilliant not only with their 
own proper colors, but reflecting iridescent tints from the thin 
membranes. 

The diatoms are especially beautiful, and no one can view, 
without a sense of profound reverence and unspeakable emotion, 
the elegant structure of Arachnoid iscus and Heliopelta ; of Sur- 
irella or Pinnularia. 

In thus accomplishing the illumination of opaque objects un- 
der the highest powers of the microscope, a powerful aid to in- 
vestigation is furnished, which, I doubt not, will be rightly ap- 
preciated. 

An inexperienced microscopist may find some difficulty at 
first, but a few trials will ensure success, and when properlv 
used, there is no want of light with the y'^th or y*yth even with 
the B or C eye-piece. 



Abt. XXV. — On a new Orowing Slide for the Microscope; by 

H. L. Smith, Kenyon College. 

In studying the growth and conjugation of the DiatomacesB, I 
have felt the want of some means of keeping them alive for a 
long time under the microscope ; and have devised for this pur- 
pose, the slide to be described, which appears fully to meet all 
requisitions ; and, as it can be readily made by any tolerably 
expert microscopist, it wiU, I am certain, be considered a valu- 
able addition to microscopical apparatus. 

The whole slide, as I have constructed it, is a trifle more than 
|th of an inch in thickness. It consists of two rectangular glass 
plates 3x2 in., and about ^j in. thick, separated by thin strips 
of glass of the same thickness, cemented to the interior opposed 
faces, as shown in the figure. 

This closed cell, ultimately destined to be filled with water, is 
not of such thickness as to prevent the use of the achromatic 
condenser, a very important requisite. The glass I use is such 
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as is employed for the small cheap looking glasses,' and eaalj 
obtained. 

The upper plate has a small hole, 
a, drilled through it. This is ef- 
fected by means of the ordinary 
writing diamond, and the sharp 
edge of a broken steel brooch or 
small rat-tail file. A hole can be 
drilled through glass of this thick- 
ness in a few minutes. One cor- 
ner of the upper glass is removed, 
as at 6, and a small strip of glass 
cemented at c serves to prevent the thin glass cover placed over 
the object from sliding. Another strip of glass is cemented on 
the lower side of the cell at d, but not extending as far as the 
removed part at b. The object of this is to prevent the water 
in the cell from being removed by capillary attraction, in case 
the slide in the neighborhood of b should be a little wetted. 
This strip is not, however, absolutely necessary. 

To use the slide, fill the space between the two plates with clean 
water, introduced at 6, by means of a pipette, and also place a 
drop on a to remove the air. The object being put on the top 
of the slide and wetted is now to be covered with a large square 
.of thin glass, ^, at the same time covering the hole a. The 
slide can now be placed upright, or in any position no water 
can escape. It isj in fact, only a new application of the old 
principle of the bird-fountain. As the water evaporates fi'om 
under .the cover more is supplied through the hole a, and from 
.time to time an air bubble enters at b ; thus, a constant circula- 
tion is maintained. A cell of the size named will need replen- 
ishing only about once in three days, and this is readily effected 
without disturbing the object. I have been enabled to make 
observations by means of this slide, which it would have been 
very difficult, if not impossible, to have made without it. 

I had intended to have reserved the description of this and 
some other microscopic apparatus until I had completed my in- 
vestigations upon the growth of the Diatoms, in order to publish 
all together ; but new and unexpected developments will so delay 
.this publication, that I have deemed it best to describe the slide 
at once, that others might have the benefit of it as well as 
myself. 

Note. — I consider it an act of justice to a young artist, to men- 
tion the very remarkable performance of a jV^li objective lately 
received jfrom Mr. Wales.* This objective is furnished with two 
backs, one for direct, the other for oblique light. This mode of 
correction, which arose from some correspondence between Mr, 

* The address is W. Wales & Co., Fort Lee, Bergeo Co., New Jersey. 



/. p. Cooke on the Projection of Spectra, 248 

"Wales and myself, appears to be more effective than that of a 
double front, as adopted by Mr. Tolles. The glass in question 
lias a mean aperture of 115° with the direct light back, and of 
120° with the oblique. The definition with the former, upon 
Diatoms and ConfervaB, is truly magnificent ; and upon the pre- 
pared Diatoms it is far superior to a fine Smith & Beck jth, not 
only with direct, but with oblique light. With the oblique back 
the definition is equally fine when using direct light, but the ob^ 
jective being now a little under-corrected it is not as pleasant. 
With oblique light, however, especially very oblique light, it is 
amazingly sharp and clear and most beautifully corrected. 
Thus, I have no difiiculty in resolving with it the Hyalodis^ 
COS Californicus, of Bailey, or Grammatophora . subtilissima, of 
Greenport, as well as the delicate Cuban Araphipleura, now well 
known to many American microscopists, through specimens dis- 
tributed by Mr. W. Sullivant and myself, and which I have 
never been able to resolve with any English objective under 
an Ith. The working distance of this objective is more than ^'jth 
of an inch ! 

The resolutions above named were effected by the concave 
mirror of the microscope-stand, and not by any special contriv- 
ances for oblique illumination. It is, however, for their beauti- 
ful performance with direct light, I most value Mr. Wales's ob- 
jectives. I have a }th, which, on Podura, excels anything I 
have yet seen of like power in exquisite definition. Both this 
and the y^^th objective bear the highest eye-pieces without loss 
of definition or want of light. I need hardly say that a y^th 
which thus defines and resolves objects, considered as fair tests 
for an Jth but a year or two ago, is a wonderful specimen of 
optical skill. 



Art. XXVI. — On tke Projection of the Spectra of the Metals; by 

Prof. JosiAH p. CooKE, Jr. 

Spectbum analysis has become, in all its bearings, a subject 
of so much importance both in chemistry and physics, that a sim- 
ple and efficient method of exhibiting the phenomena to an audi- 
ence is an important need to all teachers of physical science. 
Having tried several plans without obtaining the definiteness 
or brilliancy required, I finally devised the following, which 
has been completely successful. By placing my lantern at the 
distance of from 50 to 60 feet from the curtain, I obtain a spec- 
trum from 20 to 25 feet in length and about 18 inches i\x breadth^ 
with all the brilliancy that can be desired and without any dif- 
fused light, which greatly impairs the beauty and distinctness erf 
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the phenomena as thej have been hitherto exhibited. Uy ap- 
paratus may be beat described under three heads; First, tne 
electric regulator ; secondly, the lantern with the adjustable ^ 
and lenses ; and, lastly,, the prisma for dispersing the light. 

The light is obtained by raeans of a power^l galvanic bat- 
tery. I have found that fifty Bunaen cells of medium size 
faliont 7 inches high) were quite safiBcient. The metal whose 
spectrum is required, is volatilized in the voltaic arc and almost 




any of the numerous electric regulators may be used for the ex- 
periment. I used for a long time a Deleuil regulator, and in 
fig. 1 a section is shown of thia regulator in connection with the 
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■est of the apparatus. I now use, however, a regulator better 
idapted to the purpose, made by J. Duboscq, of Paris. The 
legative pole, which is the lowest, is formed of a small cylinder 
>f hard coke, having a small cavity at the top to receive the 
metal. The positive pole is formed of a coke pencil such as is 
Qsed iu most electric lamps. The poles are so arranged that they 
san be raised or lowered at will, and the milled heads, which 
regulate the motion, are placed for convenience at the base of 
the instrument. The coke cylinder forming the negative pole is 
fastened to the rim of a circular brass disk, which also supports 
four other similar cylinders. So that, by turning the disk, one 
after the other may be brought under the positive pole, and dif- 
ferent metals volatilized in the voltaic arc without further ad- 
justment. 

The electric regulator is placed within a dark lantern, as 
jhown in fig. 1, resting on a movable platform, which can be 
noved backward or forward by the screw B. The lantern is 
nade of wood like a square box, see figs. 1, 2 and 8, with 
}oors on two opposite sides as large as the box will permit 
The upper part of each door is made of wood and hung on 
binges in the usual way; but from this is suspended a thick 
sloth curtain, which, while covering the lower part of the door- 
way, enables the experimenter to adjust the poles without open- 
ing the lantern. The wooden doors, moreover, are glazed with 
very deeply colored glass in double plates of blue over red 
through which the experimenter can see the carbon poles when 
ignited by the galvanic current 

The electric regulator is placed in the lantern so that the car- 
bon poles shall be directly behind and within half an inch of an 
adjustable slit, which should be about half an inch high and y^th 
to jth of an inch wide. This slit forms a part of a brass cap 
which slides on one end of a brass tube, while into the other 
end is screwed a camera tube such as is used by photographers 
for taking portraits. The lenses of the combination which I use 
are three inches in diameter, and the focal length is about 5^ 
inches. This size cannot be advantageously exceeded, but the 
shorter the focal length of the combination the better. The slit 
is placed at the focus of the combination, and the position of the 
lenses with reference to the slit is adjusted by means of the rack 
and pinion usually attached to camera tubes. The brass tube 
ivith the slit and lenses just described is fastened to a thin board, 
vrhich slips into a movable wooden frame on the front of the 
antern, (see fig. 2), a portion of the tube with the slit project- 
ng into the box, as shown in fig. 1. The object of the mov- 
ible frame is to adjust rapidly the position of the slit with ref- 
erence to the voltaic arc, so as to keep the slit constantly in 
Tont of the luminous flame, which, as is well known, shifts its 
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position from one side to the other of the carbon poles in a most 
irregular manner. The means of adjustment just referred to are 
shown in fig. 2. 

The frame F is connected by iron bars with a pivot which 
turns in the wooden block Gr. Moreover,' to the top of the 
frame there is attached a flat iron bar, which ends in the handle 
D, a s-tout steel spring attached to the front of the box serving 
to keep the bar in place although permitting a slight lateral 
motion. By moving then the handle D the slit with the lenses 
may be moved to one side or the other, as the position of the 
flame may require. Finally, the bar G slides between two 
grooved wooden bars, and may be moved by the screw E. Thus 
the frame may be raised or lowered, and the slit kept constantly 
midway between the carbon poles. 

It remains now to describe the prisms, by which the light is 
dispersed. I use for the purpose two large sulphid of carbon 
prisms having a refractory angle of 60^. They were made from 
a large and thick glass tube three inches in diameter, with faces 
of ordinary plate glass cemented to the cells with a mixture of 
glue and molasses. They are securely fastened in a wooden box, ' 
which is made of such a shape that when the light passes at the 
angle of least deviation the rays will enter the box perpendicu- 
lar to one side, and will leave it perpendicular to another. The 
box is closed except at the two ends, in which circular apertures 
are made three inches in diameter, and these can be closed with 
covers when the prisms are not in use. A section of the box 
and prisms is shown at C, fig. 1. It is here drawn on the same 
plane as the section of the lantern, but when in use it is at right 
angles to this^plane. 

Having a knowledge of the various parts of the apparatus, the 
method of using it can be readily understood. The lantern hav- 
ing been placed on an elevating stand with a revolving table* at 
a distance of 50 or 60 feet from a curtain or white wall, the 
prism box is placed at one side on a similar table, and adjusted 
so that, while the axis of one of the circular openings is per- 
pendicular, or nearly so, to the screen, the axis of the other 
opening will coincide with the axis of tlae lenses when the lan- 
tern is turned on the revolving table through the required 
angle; see fig. 1. The lantern being now directed to the 
screen, the electric regulator having been adjusted so that the 
point of contact of the carbon poles is in the axis of the lenses 
and about two inches behind the slit, and the galvanic circuit 
having been closed so as to produce the electric light, the focal 
distance of the lenses is so adjusted as to form a distinct image 
of the slit on the screen. We then turn the lantern on the re- 



* The stands used by photographers are well adapted for the purpose. 
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volving table so that the light shall pass through the prism^ and 
we have at once the projection of the spectrum in all its beauty 
over 20 feet in length and 18 inches or more in breadth. To 
produce now the spectrum of a metal we first separate the 
poles, and then bring them, by the aid of the screw B, within 
naif an inch of the slit. Having now placed a small piece of 
the metal selected for the experiment in the cavity of the coke- 
cylinder, we again bring the poles in contact and slowly sepa- 
rate them as the heat increases, until the light emitted by the 
ignited carbon is wholly intercepted by the edges of the slit and 
the lenses are illuminated only by the ignited vapor between the 
poles. We then have the spectrum of the metal, which con- 
tinues in perfect purity so long as the space between the poles 
remains filled with the metallic vapor. When, however, the 
supply diminishes, either in consequence of the consumption of 
the metal, or on account of the failing strength of the battery, 
the bright bands, which distinguish the elements of the air, will 
appear at the same time with those of the metal. The metals 
which I have found best adapted to these experiments, are cop- 
per, zinc, brass (which gives the bands of copper and zinc to- 
gether), mercury, thalium, sodium, lithium, potassium, cadmi- 
um, antimony, lead, gold and silver; and of these the first seven 
give the most characteristic and brilliant results. I use them all 
in the metallic state with the exception of lithium, which I use 
as carbonate, moistening the salt before placing it on the pole. 
It is important to have a separate coke cylinder for each metal, 
as otherwise, unless the cavity is most carefully cleaned out be- 
tween the experiments — and for this there generally is no time— 
the spectra will be confused by the reappearance of the bands of 
the metals previously used. 

These experiments can be varied by projecting on the screen 
the image of the carbon poles with the stream of glowing vapor 
between them, and thus showing the color of the light before it 
is decomposed ; and for this purpose it is only necessarv to direct 
the lenses to the screen, and, having removed the brass cap, 
which carries the slit, to re-adjust the focal distance of the 
lenses. 

The reversal of the sodium band can also be readily shown. 
For this purpose we arrange the apparatus so as to produce a 
continuous spectrum, as first described. We then interpose be- 
tween the poles and the slit the flame of a Bunsen lamp, and in 
this flame we insert a small spoon containing metallic sodium. 
A dark line soon appears crossing the yellow portion of the 
spectrum in the position of the sodium band. It is convenient 
to have a small shelf in the box, to support the lamp, so hung 
on hinges that it will drop out of the way when its support is 
removed. 
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Again, the formation of dark lines crossing the spectnim, 
similar in appearance to the solar lines/ can be shown by inter- 
posing between the lenses and the prism a vessel with parallel 
glass sides containing hyponitric acid or iodine vapor. Such a 
vessel is easily made from a piece of glass tubing — three inches 
in diameter and four inches long — by cementing plates of glass 
to the open ends and drilling a hole through the sides, into 
which a glass stopper may be fitted. 

Finally the apparatus may be with a little additional expense 
so constructed that it can also be used for projecting photographic 
transparencies after the principle of the magic lantern. Small 
photographs on glass may thus be used in place of dii^amsand 
the great geological features of our globe, the glaciers for exam- 
ple, may in this way be brought before the eyes of an audience 
with almost all the vividness of the reality. The same method 
of illustration will be found of great value in teaching other 
sciences. For instance, the best way of giving an idea of the 
dark lines of the solar spectrum is to take a photograph of the 
more refrangible portion and project the image on the walL 
Such photographic transparencies are easily made; but as few 
teachers have the means or time for such work, it would be well 
if some professional photographer would turn his attention to 
this department of his art. If the instrument here described is 
to be used as a magic lantern it is necessary to have, besides the 
regulator above described, a second adapted for giving continuous 
light. We have used for some time the regulator now made by 
J. Duboscq of Paris, after the plan of Foucault, and we find that 
it works very well. 

Most of the apparatus here described is so simple that it can 
be miade by any good mechanic and for this reason we have en- 
tered into more detail than would otherwise be necessary. The 
lenses and other accessories must of course be purchased. The 
apparatus can also be ordered from E. S. Ritchie & Co. of Boston. 

Cambridge, August 8tb, 1866. 



Art. XXVII. — On the use of the Bisulphate of Soda as asubstiiuU 
for the Bisulphate of Potash in the decomposition of minerals^ 
especially the Aluminous minerals; by J. LAWRENCE SMITH, 
Professor of Chem., University of Louisville. 

In referring to the more recent works on analytical chemistry, 
I perceive that the bisulphate of potash is still used to the al- 
most utter exclusion of bisulphate of soda in rendering certain 
minerals soluble; and it is still recommended as the proper 
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agent to fuse with aluminous minerals, as corundum, em- 
ery, &c. 

This subject occupied my attention to a considerable extent 
when engaged in the preparation of two memoirs on the geology 
and mineralogy of emery presented to the French Academy of 
Science in 1860/ as well as in some investigations I am now 
making on the emery from Chester, Mass. In the above re- 
searches I had a large number of corundums and emeries to an- 
alyze. The powdered minerals were fused with the bisulphate of 
potash in the usual way, and I found no difficulty in decompos- 
ing the minerals; but unfortunately during the operation a 
double salt of potash and alumina is formed which is almost in- 
soluble in water, or in the acids ; and it is only by a solution of 
potash that it is first decomposed and afterward redissolved. 
There are many disadvantages and delays attendant upon this 
method, which experience soon exhibits — as the constant depo- 
sition of alum if the solution is not kept quite dilute. I therefore 
experimented with the bisulphate of soda, knowing that the 
double salt of dumina and soda was quite soluble, and my re- 
sults were everything that could be desired ; for while the soda 
salt gives a decomposition at least as complete as the potash salt, 
the melted mass is very soluble in water, and in the future ope- 
rations of the analyses there is no embarrassment from a deposit 
of alum. The manner of employing the bisulphate of soda in the 
analysis of emery will be referred to in a future article on Ihe 
emery of Chester, Mass. 

Preparation of the Bisulphate of Soda. — The ordinary com- 
mercial article is not sufficiently pure for use, and I prepare it 
from pure carbonate of soda or sulphate of soda that has been 
purified by recry stall ization. In either instance pure sulphuric 
acid is added in excess to the salt in a large platinum capsule, 
and heated over a flame until the melted mass, when taken up 
on the end of a glass rod, solidifies quite firmly. The mass is 
then allowed to cool; moving it over the sides of the capsule 
will facilitate this operation. When cool it is readily detached 
from the capsule, is then broken up and put into a glass stop- 
pered bottle. So far as my experience has yet gone, in almost 
every instance where we have been in the habit of using bisul- 
phate of potash, the bisulphate of soda can be substituted. 

' See this Journal, vol x, 1860, and vol. xi, 1861. 

Am. Joub. Sol— Second Series, Vol. XL, No. 119.— Sept., 1865. 
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Art. XXVIII. — Altitudes of Shooting Stars observed on the night 
of Nov, 13-14^A, 1863, at Washington^ Haverford College^ Oer- 
maniown^ Philadelphia^ and other places. Computed by H. A. 
Newton. 

A BRIEF notice of observations made upon shooting stars on 
the night of Nov. 18-14th, lb63, was given in this Journal, [2J 
xxxvii, 141 '-lis. A collation of the data thus accumulated 
shows that seventy-eight meteors were observed at two or more 
places so that we can compute with more or less accuracy their 
paths. The following table gives the altitudes above the earth's 
surface in statute miles (one mile =1609 meters) of the meteors 
at their first appearance, and at their disappearance. In the 
second column is the hour of the day, and in the fifth column 
are numbers designed to express the measure of confidence 
which I have in the determinations of the altitudes of the mid- 
dle points of the paths. These numbers range from 1 to 10, 
and depend upon the probable accuracy of the observations and 
the positions of the paths with respect to the observers. 

More than half of these altitudes were computed from obser- 
vations made by the assistants in the United States Naval Ob- 
servatory at Washington, and by a party under the charge of 
Prof Gummere at Haverford College near Philadelphia. Fre- 
quent use has been made, however, of observations at Washing- 
ton by the party from the Coast Survey OflSce under charge of 
Mr. Schott, of those at Germantown by Mr. Marsh, at Phila- 
delphia by Mr. Vail, at West Town, Pa., by Mr. Hoopes, and else- 
where by other persons. The Connecticut Academy of Arts 
and Sciences, at whose instance the observations were made, in- 
tend to publish them in detail. It has been thought best how- 
ever to publish this table in advance in order that the informa- 
tion which it contains may be in the possession of those who 
desire to observe the meteors on the return of the anniversary, 
the morning of Nov. 14th prox. There were on that morning 
in 1863 more shooting stars than usual, and there was a decided 
radiation from the sickle in Leo. We have some reason to 
expect a still greater increase this year. 

For several numbers of the table the altitudes are not given. 
The observations were not in those cases entirely reliable, and 
only the altitudes of the middle points of the visible paths were 
computed. They were as follows: 
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Vable of altitudes (in statute miles) of shooting stars observed at Washington, 
Haverford, (fcc, on the night of Nov. 18-14M, 1868. 
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If the several altitudes in the third column of the table be 
nultiplied by the corresponding i6d^Ate, and the sum of thepro- 
lucts be divided by the sum of the multipliers, we have the 
nean altitude of the shooting stars at first appearance, that is, 
)6'2 miles, or 154*9 kilometers. In like manner we find for the 
Tiean altitude at extinction 60*8 miles, or 97*8 kilometers. 
The mean therefore for the middle points is 78*5 miles, or 126*4 
kilometers. The nine special cases give about the same result. 

If the altitudes be taken in seven groups, the several means 
or the middle points will be 81*1, 824, 73*4, 74*9, 80 9, 78*0, 
Lnd 79*2 miles. These numbers indicate that there is no essen- 
ial difference of altitude for different hours of the nigbt. 
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The altitudes given in the table are represented to the eye in 
the first division of the diagram on p. 263, by a method first 
employed, I believe, by Mr. A. S. Herschel. The distances of 
the two- extremities of each line from the base line, AB, repre- 
sent Respectively the altitudes above the earth's surface of the 
corresponding shooting star at its appearance and disappear- 
ance. The length of the line represents therefore the amount of 
descent, not the length of the path. The dotted lines stand for 
those meteors of which the heights of only the middle points 
are computed. At the end of this division of the diagram is a 
heavy line that represents the mean of all the paths as computed 
above. 

In the second division of the diagram is given in like manner 
a representation of the paths of 39 meteors observed at New 
Haven, Hartford, Williamstown, Wolcottville, Albany, &c., 
on the night of Aug, 10-ilth, 1863, (this Journal, [2] xxxvi, 
803). The last heavy mark represents the mean. The mean of 
the first altitudes is 69*9 miles, or 1124 kil., and that of the 
last altitudes is 560 miles, or 901 kil., that of the middle point 
62*9 miles. The computations of the observations made at that 
time are incomplete. The results thus far obtained, and here 
represented, agree well with previous determinations. Thus '• 
the mean altitude of the middle points of meteor paths deduced 
from the table in this Journal [2], xxxviii, 136, is found to 
be not quite 60 miles, (this Journal [2], xxxix, 19-1). Mr. 
A. S. Herschel from the same table, and from observations since 
published, finds a mean altitude for appearance 73 miles, for 
disappearance 52 miles, (Ast Soc. Notices, March 10th, 1865). 
The large majority of the paths from which these results are 
obtained belong to August meteors. 

It appears, then, that the region in which the November me- 
teors appear and disappear, is 15 or 20 miles higher than the 
corresponding region for /the A-ugust meteors. If the decrease 
of density of the atmosphere at this elevation follows the same 
law as near the earth's surface, the air in the latter region is 
forty or fifty times as dense as in the former. 

The most plausible explanation of this remarkable fact is, that 
the two groups of bodies diflfer in their chemical and mechanical 
constitution ; the November group being more inflammable than 
that of August. 

It is altogether unlikely that any of the meteors became visi- 
ble at a greater altitude than 125 or 150 miles. The facility for 
error in observing is very considerable. It seems impossible 
however to explain in this way the large difference between the 
means of the computed altitudes of the two groups. 
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Art. XXIX. — Remarks on Oravitation^ and its relation to a wp- 
posed Universal Force ; by Henry F. Walling. 

The determination of the co-relation between gravity and the 
other known physical forces has been the object of numeroas 
delicate experiments and investigations by many eminent phys- 
icists, but this object has not yet been attained. There is be- 
sides an apparent conflict between the law of conservation of 
forces and the inherent attraction theory of gravitation. 

It has occurred to me that the latter difiBculty may be over- 
come by the simple supposition of a primary universal force, 
with which the co-relation of the other forces may hereafter be 
established. 

This universal force may be supposed to fill all space, either 
associated with the universal ether, or independent, and to be 
exerted along every possible line in both of its directions, form- 
ing rays of force passing through every point in all directions. 
Inert or gross matter will be acted upon by it, and the compo- 
sition of all the rays of force which act upon a given body will 
impart motion to it in the direction of the resultant force, pass- 
ing through its center of gravity. 

Let us now suppose a single atom of matter to exist in space. 
We shall readily perceive that there will be no resultant force 
since the atom is acted upon in every direction alike, each im- 
pinging ray being counteracted by its opposite ray, producing an 
equilibrium, in which we may suppose the force of each imping- 
ing ray to be decombined or developed from the atom by its 
counteracting ray so that the general store of force remains un- 
changed. 

But let there be two atoms at a given distance from each 

other, as A and B in the figure, which we will suppose to be in- 

A B definitely small, so that only one line of 

-^=^ 5i;=~' force rays may be considered as passing 

through the two atoms. This line will be occupied by two 
forces in opposite directions as represented by the arrows. It 
will be seen that each atom intercepts the ray which passes 
through it before reaching the other, and thus a portion of the 
counteracting power of the ray is removed, so that an equiva- 
lent resultant force acts upon each atom in the direction of the 
other. This action continues during each successive instant pro- 
ducing uniformly accelerated motions of both atoms toward each 
other. 

Let us suppose one of the atoms A to be doubled in quantity 
of inertia, B remaining as before; then the gravitating force of 
each toward the other will be doubled, for A having twice the 
combining capacity it had b^fote^ aud being otherwise under 



jff. F. Walling on Gravitation, 



255 



similar conditions, will absorb twice as much force, and B hav- 
ing a double amount of counteracting force removed, will also 
combine with twice as much force as before, during each suc- 
cessive instant of time, so that B will pass over twice the dis- 
tance that A does in the same time, each having a uniformly 
accelerated motion toward the other. 

We may consider the entire amount of force traversing any 
given line to be infinite, and it follows that the successive ab- 
stractions of definite amounts from it will not appreciably di- 
minish its proportions to finite quantities. Any number of 
atoms, therefore, possessing equal quantities of inertia, placed 
along a given line, and having equal amounts of counteracting 
force removed, will virtually combine with equal amounts of 
force from the same ray in equal times. 

It evidently follows that any two bodies of matter placed at 
a given distance from each other, and acted upon by a given 
number of parallel force rays in the two opposite directions, 
will, during each successive moment, acquire equal amounts of 
force impelling them toward each other, proportional to the 
products of the units of inertia of the two bodies, the square of 
the velocity of each at any given instant being proportional to 
the mass of the other. 

The proportion of the inverse squares of the distances readily 
follows, when we consider the relations of one body to each of 
the several atoms of the other. The rays which act upon the 
body in the direction of the atom, form a pencil centering at 
the atom and the counteracting rays form another equal pencil 
from the same center in the opposite direction. The aggregate 
quantity of power produced by each pencil at diflFerent distances 
will be proportional to the area of a figure which the rays pass- 
ing through a given section of the body, cutting its center of 
gravity, will project upon a plane at a fixed distance from the 
atom, and parallel to the given section. This may be seen by 
inspecting the figures, in which A represents the atom, B the 





body, C D the given section of B, and E F the parallel plane, 
at a fixed distance from A. The area of the projected figure 
upon E F will of course be in inverse proportion to the square 
of the distance A B, and since the same proportion holds be- 
tween either body and each several atom of the other, it holds 
good between the two bodies referred to their centers of gravity. 
A growing dislike to the doctrine of inherent attraction, has 
existed since the days of Newton, who shared the feeling as 
may be seen in the following quotation made by Faraday in 
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connection with some recent remarks of his own, showing the 
want of harmony between this doctrine and the conservation 
theory. 

'*That gravity should be innate, inherent, and essential to 
matter, so that one body may act upon another at a distance^ 
through a vacuum^ without the mediation of anything else, by 
and through which their action and force may be conveyed from 
one to another, is to me so great an absurdity that I believe no 
man who has in philosophical matters a competent faculty of 
thinking, can ever fall into it. Gravity must be caused by an 
agent, acting constantly according to certain laws; but whether 
this agent be material or immaterial I have left to the considera- 
tion of my reader." 

The idea of an inherent power of matter enabling it to pall 
distant and disconnected matter toward it, seems somewhat anal- 
ogous to the old idea of an inherent suction power in the piston 
of a pump, by which it was supposed to raise the water below it. 

The apparent annihilation of power in the equilibrium of 
forces in a statical condition, and the deficiency in the total 
power of a resultant force, made up of forces in different direc- 
tions compounded, may be accounted for by supposing the elim- 
inated forces to be mutually decombined from the body acted 
upon, and added to the general store of universal force. This 
takes place during each successive instant of the time in which 
the opposing forces continue to act. When an entire or partial 
removal of a given number of counteracting or modifying forces 
takes place, a force which would exactly counteract the resultant 
of the removed forces is converted from "potential" into "actual 
energy," and produces corresponding motion. The changes in the 
velocity and consequent power of motion of the heavenly bodies 
are therefore due to the variable amounts of force alternately 
drawn from, and restored to, the great reservoir of universal force. 

The constant mutual transmission of the radiant forces, in- 
cluding light, radiant heat, &c., which apparently takes place 
from the surface of all bodies, across vacant spaces, or through 
transparent or diathermanous mediums, can perhaps be ex- 
plained by supposing the universal force rays to be modified by 
the molecular actions going on within the bodies, which produce 
vibrations of such a nature, that at the surface of the bodies 
small amounts of counteracting force are alternately added to, 
and then partially withdrawn from, the universal force rays, in 
minutely brief periods of time, endowing the developed or de- 
combined rays with the power of impressing vibrations upon the 
surface atoms of any matter which they may encounter, by deter- 
mining the resultant force which will taKe effect upon them. 
These vibrations are equal in duration and intensity to those by 
which they are generated, though perhaps opposite in direction, 
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and result in an augmentation of the centrifugal or expansive 
motions of the atoms, which is communicable from atom to atom 
and convertible into "modes of motion." The differences in 
the constituent parts of rays of light and heat, developed by 
decomposition, polarization, &c., and due to differences in the 
duration, direction, &c., of the generating vibrations, are thus 
transmitted and reproduced with rigoroiis integrity, being equal 
in duration, direction and intensity to the generating vibrations, 
and in quantity or aggregate effect, inversely proportional to 
the squares of the distances. 



SCIENTIFIC INTELLIGENCE. 

I. CHEMISTRY AND PHYSICS. 

1. On a new and very powerful thermo-electric battery, — In a commu- 
DicatioD to the Vienna Academy dated the 16th of March of the present 
year, S. Marcus has described a new thermo-electric battery which pos- 
sesses extraordinary interest both in a theoretical and practical point of 
"view. The properties of the new battery are as follows : 

(1.) The electro-motive force of one of the new elements is equal to 
-^ of that of a Bunsen's element of zinc and carbon, and its internal re- 
sistance is equal to 0*4 of a meter of normal wire. 

^2.^ Six such elements are sufficient to decompose acidulated water. 

(3.) A battery of 125 elements evolved in one minute 26 cubic centi- 
meters of mixed oxygen and hydrogen, although the decomposition took 
place under disadvantageous circumstances, as the internal resistance of 
tlie battery was much greater than that of the voltameter in the circuit. 

(4.) A platinum wire of ^ millimeter in thickness introduced into the 
circuit melted. 

(6.) Thirty elements develop in an electro-magnet a lifting power of 
150 pounds. 

(6.) The current is generated by warming only one of the contact- 
lides of the elements and cooling the other by means of water of the 
>rdiDary temperature. 

As positive meta! in these batteries, Marcus employs an alloy of 10 parts 
>f copper, 6 of zinc and 6 of nickel. The addition of one part of cobalt 
ncreases the electro-motive force. For the negative metal he uses an 
illoy of 12 parts of antimony, 5 of zinc and 1 of bismuth. The electro- 
tnotive force of the alloy is increased by repeated fusion. In place of 
these alloys a particular kind of German silver, known as Alpacca, may 
be used with the same negative metal ; or, as the positive metal, an alloy 
of 65 parts of copper and 31 of zinc, and, as the negative metal, an 
alloy of 12 parts of antimony and 5 parts of zinc. The bars are not 
soldered but screwed together. The mechanical arrangement is such 
that only the positive metal is directly heated, the negative metal being 
(farmed by conduction ; the former melts at about 1200*^ C, the latter 
it about 600° C. 
Am. Joub. Sol— Seoond Sbkies, Vol. XL, No. 119.— Sept., 1865. 
' 33 
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An interesting fact in relation to the transformation of beat into eleo- 
tricTty in the thermo-electric battery, is that the water which serves to 
cool one of the contact sides of each element, becomes very slowly wannei 
so long as the circuit remains closed, but is heated pretty rapidly when 
the circuit is open. The alloys employed in this battery fulfill several 
conditions essential to the production of powerful electrical currents bj 
heat. These conditions are^ that the metals employed should be as w 
as possible from each other in the thermo-electric series ; that they shoold 
permit great differences of temperature so as to avoid the necessity of 
using ice ; that they should not be expensive, and that the insalatiog 
material should resist a high temperature and possess sufficient solidity 
and elasticity. The thermo-electric battery in question was constructed 
with reference to the use of a gas flame. The single element consists of 
bars of unequal dimensions, the positive bar being 1" long, 1'" brosd, 
and -J'" thick ; the negative 6" long, 7'" broad, and 6'" thick. Marcu 
puts together 32 elemenls in such a manner that all the positive bars are 
on one side and all the negative bars upon the other and have thus the 
form of a grating. The battery consists of two such gratings which are 
screwed together in the form of a roof and strengthened by an iron bar, 
mica being used as the insulator. The under sides of the elements are 
cooled by a vessel of water. The whole battery has a length of two feet, 
with a breadth of six inches and a 'height of six inches. Marcus bai 
constructed a furnace which is calculated for a battery of 768 element 
which would correspond to a Bunsen's battery of 30 pairs and consame 
240 lbs. of coal per day. The Vienna Academy, recognizing the import- 
ance of the discovery, has voted to the inventor the sum of 2500 gulden 
— the invention to be public property. — Fo^g. Ann,, cxxiv, 629, April, 
1865. w. 0. 

[Note. — The importance of Marcus's invention in a technical point of 
view can hardly be overestimated, since it promises to furnish the cheap- 
est method of obtaining an intense light for light houses and public build- 
ings, and even holds out a prospect, perhaps not remote, of applicatiow 
in domestic economy. 

It must be remembered that the step taken by Marcus is, after all, a 
first step in the right direction. Bunsen, E. Becquerel, and Stefan, bave 
shewn that there are thermo-electric combinations of much higher electro' 
motive force than those employed by Marcus, although the internal re- 
sistance is too great to permit of their use in constructing large batteries. 
If the progress of science should make us acquainted with metallic alloyi 
which, when combined and arranged as thermo-electric elements, develop 
electro-motive forces as high as -^ih of that of a Bunsen cell, the thenno- 
electric battery will again become a new instrument. In this connection 
we suggest that the thermoelectric relations of the highly crystalline 
alloy of iron, manganese and carbon, known as "spiegeleisen," (that from 
the Franklinite of New Jersey for example,) deserve a careful study. Tbe 
possession of a galvanic battery in which coal is consumed in place of 
zinc and acids, can hardly fail to revive an interest in electro-magnetic 
motive engines, like that of Page, even if only for cases in which com- 
paratively little power is required, since our best steam engines do not 
yield 10 per cent of the work which the consumption of the coal is capa- 
hle ofdomg, — w. g.] 
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2. On some thermo-electric elements of great electromotive potser, — 
Stefan has examined a variety of mineral substanees with relation to 
their thermo-electric power at high temperatures. The mineral to be 
examined was placed upon one end of a strip of copper while the end 
of a copper wire rested upon the mineral, the whole being pressed to- 
gether to insure contact. The wire and copper strip were connected with 
a galvanometer of great resistance and the copper strip was then heated 
by a spirit-lamp. In examining the mutual relations of the minerals 
a oopper strip was placed between them, wires attached to the free ends 
of the fragments of mineral and the whole pressed together by a wooden 
presa. The free end of the copper strip was then heated and the heat 
conducted to the minerals. In the following enumeration of the elementa 
employed the positive element Is always placed first, and the number 
appended signifies how many of the elements give an electro-motive force 
equal to that of Daniell's cell. 

1.^ Foliated copper pyrites — copper; 26. 

[2.\ Compact ** ' « ; 9. 

(3.) Pyrolusite-— <jopper ; 13. 

^4.^ Compaet copper pyrites — foliated copper pyrites ; 14. 

^5.) Copper — crystallized cobalt pyrites ; 26. 

(6.) Granular cobalt pyrites — copper; 78. 

{l.S Copper — iron pyrites; IS**?. 

(8.) Compact copper pyiites — iren pyrites ; 6. 

.(9.) Foliated copper pyrites — *• ; 9'S, 

(10.) Copper — erubescite; 14. 

11.) Fine bleisch^'eif — copper; 9^6. 

12.) Coarse " — copper; 9.. 
(1 3. J Galena in large crystals — copper; 9*8. 
(14.) Bleischweif — erubescite; 5*5. 

The great influence of structure upon the thermo-electric relations is 
seen in Nos. 1, 2 and 4, and still more in S and 6. A mass of cubical 
crystals of galena was at some points negative, at others positive, to 
copper. The element No, 14 has the greatest electro-motive force yet 
observed in thermo-electric series ; but the sub»tancos employed are all 
bad conductors. The author considers — and we think very justly — the 
above results as of great importance for the physics of the earth, and 
proposes to continue the suliject. In a note to 'Stefan's paper, Poggen- 
doriOT calls attention to an observation of Marbach made 4*1 1857, accord- 
ing to which crystals of iron pyrites (Fe Sj) and of cobaitine (C0S2+ 
Co Asg) which cannot be distinguished either in crystalline form or in 
composition are divided, so far as their thermo-electric relations are con- 
cerned, into two groups. Calling the two forms of the minerals « and ^, 
Marbach gives the following series, reckoning from negative to positive: 
Iron pyrites a, cobaltine^, bismuth, german silver, platinum, lead, cop- 
per, brass, silver, cadmium, iron, antimony, cobaltine ^, iron pyrites ^. — 
Pogg, Ann,, cxxiv, 632. w. o. 

3. On the wave length of the blue iridium /ine.«— J. Miiller has deter- 
mined the wave length of the blue line characteiistic of the new metal 
indium, and finds as a mean of two .determinations A- =1 0000455'"™. — 
Pogg. ^n«., .cxxiv, 637. w. g. 



360 Scientific Intelligence, 

4. On the absorption spectrum of Didymium^ Erbium and TerUmm, 
— ^Delafontainb, wbo inaintains the existence of erbium and terbium 
as distinct elements, has compared the absorption spectra of these two 
metals "with that of didyroium, the spectrum of which was first studied 
by Gladstone. The absorption bands in the spectra of erbium and ter- 
bium were first observed by Bahr. The didymium spectrum has been 
also studied by Rood and by Erdmann, both of whom detected several 
dark bands not noticed by Gladstone. Erbium gives usually five lines 
or bands, and eight when in the form of a thick syrup. Er*^ remains 
after all the other lines have vanished. Terbium is characterized by 
three bands of metal, of which only two are very distinct The third, 
or Tr<^, is difScuIt to recognize, and perhaps does not belong to the metal 
at all. Upon a scale on which Na=:27, Li^=10 and Tl=:43, the 
author found 

Dih= 9 Tr* =30-32 Erf=:-9 

1=19 b=48-60 d=14 

a=28-32 c=85-89 f?=l^ 

b=48-60 h=42 

d=64-55 e=44 

e=66-67 a=48-60 

g=70 b=65 

f=73-75 c=85-90 ^ ^ 
c=86-9l 

From this it appears that two of the bands are common to all three 
elements, (Di^, Tr^, Ei* and Di^, Tr^, Er^), and also that Er^ coinc'des 
with Di^. — Pogg» Ann.^ cxxiv, 636. w. o. 

5. Polisimmetria dei Cristalli ; Relazioni ira la geminazione iei 
Cristalli ed il lore ingrandimento ; par Arcangelo Scacchi. 120, 
28 pp. 4to, with 4 plates. Napoli, 1864. — By polysymmetry Professor 
Scacchi understands the quality pertaining to most substances of present- 
ing distinct but closely related crystalline forms differing more or less in 
physical qualities. Dimorphism differs from polysymmetry in that the 
forms of a dimorphous substance are widely diverse, and fail of the close 
analogy which exists between Scacchi's polysymmetric forms. A hexagon- 
ally crystallized species, for example, as sulphate of potash, may, when 
formed, under some circumstance^^, have one lateral axis elongated, and a 
small variation of angles in the transverse zone, so as to become in fact tri- 
metric though in planes and habit like a distorted hexagonal crystal; 
and this variation of form will appear also in the optical characters. 
Such variations have often been looked upon as mere distortions. Bat 
Scacchi shows that they are of frequent occurrence, and occur according 
to a distinct method and law ; and he gives the name polysymmetry to 
the property. It was formerly supposed that the distinction of system of 
crystallizatk>n between species was a fundamental one, but this has for 
some years been admitted to be incorrect. Scacchi's observations illus- 
trate this point most strikingly ; since it is only by a small variation, and 
one which actually occurs in the same compound, that a hexagonal 
prism passes to a trimetric, or a nionometric to a dimetric, or an ortho- 
metric to a clinometric. The acid paratartrate of soda is one example 
Soaochi mentions of a substance crystallizing under two types, one of 



Mineralogy and Geology. 261 

them trimetric and the other triclinic. Orthoclase and albite constitute, 
as he observes, another example. Yet it is one which brings dimorphisio 
and Scacchi's polysymmetry into close relation. Professor Scacchi pre- 
sentfi a large number of facts illustrating his views, and discusses also 
the origin of the phenomena observed. In his second memoir, Profeiaor 
Scacchi gives an account of some important observations bearing on the 
origin of twin crystals. 

6. Memoire sur VEmploi du Microscope polarisant, ei sur V etude des 
proprietes optiques birefrirtgentes propres a determiner le systeme cristallin 
dans les Cristaux natureh on artificieh ; par M. Dss Cloizeaux. 60 
pp. 8vo, with two plates. 1864. Paris. (Dunod, 6diteur ; Quai des Augus- 
tins, 49). — No one has labored more effectually in optical mineralogy than 
Mr. Des Cloizeaux. The science bears evidence throughout of progress 
due to his investigations. For such optical researches a polarizing micro- 
scope is very often essential, owing to the smallness of the crystals, or of 
the fragments of crystals, which may require study. In the memoir above 
mentioned Mr. Des Cloizeaux describes the microscope which he has found 
most satisfactory for his purposes, and gives the method of using it for 
the various kinds of observations. The author promised in the first vol- 
ume of his mineralogy (published in 1862) that this memoir should ap- 
pear as an Appendix to the second ; but the uncertainty with regard to 
the publication of the latter has led to his issuing it separately. 

7. Zirconium, — Zirconium has been the subject of researches by Mr. 
Troost, which were recently presented to the Academy of Sciences at 
Paris. The results go to show that zirconium acts the same part in the 
Carbon series of elements that antimony does in the Nitrogen ; and that 
this element constitutes the passage between silicium and aluminium, thus 
sustaining the view of St. Claire Deville who places in a common group, 
carbon, boron, silicium, zirconium and aluminium. Crystals of zirconium 
are monoclinic rhombic prisms of 93°, inclined 103° to the basal plane. 
— Lei MondeSy July 20, 

II. MINERALOGY AND GEOLOGY. 

1. On the Sand hills of Cape Henry in Virginia ; by B. Henry La- 
TROBs, Esq. (Transactions Am. Ph. Society, vol. iv, p. 439, and Bruce's 
Mineralogical Journal, No. iv, 1814).* — From the falls of the great riv- 
ers of Virginia over the out-runnings of the granite strata, the general 
level of the land gradually approaches the level of the ocean. At the 
falls it is elevated from 160 to 200 feet above the tide ; on the sea-shore 
at Cape Henry, the original coast rises not more than 15 feet above high- 
water mark. 

That the whole of this extensive country, from the falls to the coast, 
18 factitious, and of Neptunian origin, appears far from being hypotheti- 
cal; and the fossil teeth and bones, which accompany this memoir, and 
which with many hundred more, were dug out of a well at Richmond 
from the depth of 71 feet, prove that the deposition of the super-strata 

* We reproduce this article, originally published fifty years since, because of its 
interest as affording data for estimating the changes in progress along portions of 
the Atlantic coast. We learu from Mr. J. £. Uilgard, of the Coast Survey, that the posi- 
tion of the lighthouse remains the same as when the observations were made. — Eds. 
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is not of a date sufficiently removed to have destroyed tbe soft and 
alraoat cartilaginous part of the joints, or to have injured the enamel of 
the teeth. The Neptunian theory of geogeny, has now very generally 
taken place of the old volcanic system, and, as far as conjecture and hy- 
potltesis can forward science, it is certainly more generally applicable. 
But along the coast of Virginia,* a process is going forward, the result 
of which will be exactly similar,- and in which water has no immediate 
share. 

The shore, and the bed of the Atlantic near the shore, consist of a 
fine sand. The daily action of the flood tide carries a certain quantity of 
this sand above high water mark, which being dried by the sun and air, 
is carried further inland by the winds. The most violent winds on this 
coast blow from the points between the northwest and the east; and 
besides, a gentle easterly breeze prevails the whole summer, during some 
part of almost every day. This easterly wind, which is in fact a trade 
wind, is felt as high as Williamsburg. It is said to be felt, at this day, 
higher inland than formerly, and to be annually extending its influence; 
and it will no doubt, when the woods shall be more cleared away, blow 
health and coolness over a portion of lower Virginia, which is now con- 
sidered as extremely unhealthy. 

These easterly winds blowing during the driest and hottest season of 
the year, carry forward the greatest quantity of sand, and have amassed 
bills, which now extend about a mile from the beach. The natural level 
of the land, elevated little more than 10 feet above high-water mark, 
has a very gentle declivity to the east. It is now a swamp' of about five 
miles square (25 square miles). The soil below the surface is a white 
loamy sand, and if the water falling upon, or rising in it, had a free 
discharge to the ocean, it would probably be perfectly dry ; this, how- 
ever, the sand hills prevent, and the water is discharged into the sea to 
the southward, and into the mouth of the Chesapeake to the northward, 
by small creeks, which find vent from the westerly extremities of the 
swamp. Lynnhaven creek is the most considerable of these . drains. 
The swamp, or as the neighboring inhabitants call it, the Desert, is 
overgrown with aquatic trees and shrubs; the gum, (L. styraciflua) 
the cypress {Cap. distuha) the maple (Acer rubrum) the tree improperly 
called the sycamore (Platanus ocidtntalis) the Magnolia glauca, the wax 
myrtle {Myrica cerijera) and the reed, [A. tecta) are the principal. 
Of these many thousands are already buried in the sand, which over- 
tops their summits, and threatens the whole forest with ruin. Their 
destruction is slow, but inevitable. Upon the extreme edge of the sand 
hills toward the swamp, the wind, opposed by the tops of the trees, 
forms an eddy ; the sand carried along with it is precipitated, and runs 
down the bank into the swamp. Its slope is very accurately in an an- 
gle of 45**. By gradual accumulation, the hill climbs up their trunks, 

' I 8peak only of the coast of Virginia at Cape Henry ; for although I have the 
best reason to believe that the same natural process has produced all the snud banks, 
islands, and sand hills from the Delaware to Florida : I have only examined that 
part of the coast, which is the subject of the present memoir. 

* By a swamp I exclusively mean a piece of ground, the surface of which is 
wet and soft, but which has a sound bottom. In this it differs from the Dit>mal 
Swamp, much of wlxich is a bog or mortus. Into the latter, a pole of any manage* 
Me length may be forced with great eaae. 
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they wither slowly, and before they are entirely buried, they die. 
MoAt of them lose all their branches, and nothing but the'trunk remains 
to be covered with sand, but some of the cypress retain life to the last* 

The Desert abounds in deer, bears, racoons, and opossums. Its skirts 
are more thickly peopled than the sterility of the soil would give reason 
to suppose ; but the inexhaustible abundance of fii«h and oysters in the 
creeks, and the game, render it easy to support a family. 

The lighthouse,* which was built about sixteen years ago, is an octan- 
gular truncated pyramid of eight sides, rising 90 feet to the light, and 
sunk 18 feet below the basement course. Within a few yards of the 
lighthouse is the keeper's dwelling, a wooden building of two stories. 
Both are surrounded by a platform of plank ; and, without any such de- 
sign in the architect, this platform has preserved both these buildings 
from being buried in the sand. 

When the lighthouse was built, it was placed upon the highest sand 
hill at the Cape. Its distance from the beach may be six or seven hundred 
yards, and the elevation of its base above high water not less than 90 
feet. At that time there was from the foot of the building, the most 
expanded view of the ocean, the Desert, the Chesapeake and its eastern 
shore. At present, a mound of sand surrounds them, which overtops 
the keeper's dwelling, and has buried his kitchen to the eaves. The 
platform, which was laid upon the former level of the sand, is an accu- 
rate standard from whence to ascertain its accumulation. The winds, 
meeting in their course the elevated tower of the light, form a perpetual 
whirl around it, which licks up the sand from the smooth surface of the 
timl>er, and heaps it around in the form of a basin. Where the platform 
ceases, the sand accumulates. The sandy rim, while it protects the 
keeper from the storms, renders his habitation one of the dreariest abodes 
imaginable. This rim is sometimes higher, at others lower, according 
to the direction and strength of the wind. Since the establishment of 
the light, the hills have risen about 20 feet in height (measuring from 
the platform) and have proceeded into the Desert about 360 yards, from 
a spot pointed out to me by the keeper. I stepped the distance as well 
as I could, while at every step I suuk up to ray ancles into the sand. 
The height of the hill at the swamp, is between 70 and 80 feet perpen- 
dicularly. It is higher nearer the sea, the inner edge being rounded off, 
and I think at its highest point, it cannot be less than 100 feet above high- 
water mark. If the hills advance at an equal ratio for 20 or 30 years 
more, they will swallow up the whole swamp, and render the coast a 
desert indeed, for not a blade of grass finds nutriment upon the sand. 

Should this event take place, and some future philosopher attend the 
digging of a well in the high sandy country, on the coast of Virginia, 
his curiosity would be excited by fossil wood, 100 feet below the surface. 

* That the swamp with its trees extended to the sea coast, perhaps xoithin a cen- 
tary, is very evident from this circumstance : between the summit of the sand hills 
ancf the sea shore, and more especially on the Chesapeake side, the undecayed, 
though mostly dead bodies of trees still appear in great numbers. Being on the 
windward side of the sand hills, they have not been more than half buried. At the 
liglithouse there are none of the trees, but to the westward and southward are 
many. 

* It is a good solid building of Rnppabannoc freestone. 
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He would there discover a bed of vegetable and animal exuviae, and 
going home, he might erect upon very plausible ground, a very good- 
looking hypothesis of a deluge, sweeping the whole upper country of its 
sand, and depositing it along the line of its conflict with the waves of 
the ocean. • 

2. Volcanic Eruptions in Northern California and Oregon. — Witbia 
the last few years there have been frequent reports of volcanic activity in 
or near the extinct volcanoes of Northern California, Oregon, and north- 
ward from that chain of high peaks. Thus, Mt. St. Htslens in 1861, 
Lassen^s Peak in 1856, Mt. Uood in 1864, are most familiar, the ac- 
tivity being shown by vast quantities of steam emitted. Various similar 
reports occur at times in the newspapers of the Pacific coast. The On- 
gonian of last April contains the following: '^Mt. Baker, it is said, is 
rapidly sinking in. It is asserted that the mountain has fallen 1000 or 
1500 feet, and that its summit, which was formerly a sharp point, ia 
now much flattened. This peak has been for some time in a state of active 
eruplion. Dense clouds of smoke have of late issued from it." Corres- 
ponaent43 of the California papers speak of the same phenomenon, one of 
whom asserts that the emission of steam is immense, and that 1,200 feet 
of the summit has fallen in. We have no other data. w. h. b. 

3. Notice of Pot' holes near Poultneyy Vermont; by John A. Nich- 
ols. — About two and a half miles south of this place, on the road to 
Granville, N. Y., the U. S. Slate Co. has just opened a new quarry. 
Slate quarries abound in the neighborhood, some of which have been 
worked for years ; but in this new quarry seven pot-holes have already 
been found, and nothing of the kind has ever been found in any other 
quarry. The largest complete hole is elliptical in shape, its longest di- 
ameter being 11 ft. 6 in., its shortest 10 ft.; its depth is not known, as 
the earth and stones which filled it are not yet dug out. A smaller hole, 
which has been emptied, is 9 ft. deep and 5 ft. in diameter. Its sides 
are smoothly polished and it contained boulders, the largest weighing 
one and a half tons, the smallest not larger than a hen^s egg^ roost of 
them beautifully rounded and polished. The slate is quarried in the 
hills bounding a valley through which runs a brook in a general south- 
erly direction, emptying into a little stream called Granville river. The 
valley varies in width from a quarter to half a mile, and is quite flat; 
and the bounding hills rise from it rather abruptly to the height of 60 to 
100 ft. The Rutland and Washington railroad, running north and 
south, passes through the valley. The U. S. Slate Co.'s quarry is on the 
western side of the valley, where the chain of hills suddenly makes a 
small sweep westward, giving the appearance of a small semi-circular 
bay, having a diameter of about 250 ft. This brings the quarry on the 
side of a bluff. The tops of the pot-holes are respectively 30, 25 and 
10 ft. above the bed of the brook and about 800 ft. from it. There are 
no traces visible of the bed of the stream in which the pot-holes were 
made. The strata have a dip westwardly of about 30°. Poultney river, 
which forms part of the boundary line between New York and Vermont, 
turns abruptly near the point where it meets the valley of the brook, and 
flowing northward empties into Lake Champlain. The quarry is two 
and a half miles from the nearest point of Poultney river. The side of 
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largest pot-hole has, in some places, a coating of carbonate of lime 
ODe-tenth of an inch thick, laid very evenly over the slate, and large 
lumps of limestone of the nature of stalactites have been found in the 
same hole. 

I went over the ground in company with Mr. A. E. Knapp, one of the 
principal owners of the quarry, who furnished most of the measurements 
mentioned above. 

Poultney, Vt, July, 1865. 

4. Observations on the Eocene Lignite Formation of the United 
States; by T. A. Conrad. Older Eocene or London Clay, Lignite 
Epoch, — Some years ago I visited a marl deposit near Long Branch, Mon- 
mouth Co., N. J., in which casts of a few shells presented an Eocene char- 
acter. Observing in Vanuxera's cabinet a specimen of what is now 
known to be Aturia siczac, I described it in the Journal of the Academy 
of Natural Sciences, vol. i, 2d series, p. 129, and referred the marl, prin- 
cipally on account of the presence of this shell, to the Eocene era. I 
also described an imperfect cast of the same species as Nautilus angus- 
toftM, in Dana's Report of the Geology of the Exploring Expedition, 
which was found at Astoria in Oregon, in company with many shells 
which I mistook for Miocene forms ; but a more extended acquaintance 
with Eocene types shows their older tertiary relations, and their matrix 
to be synchronous with the London Clay, of Sheppey, Higbgate and 
Bracklesham. Professor Cook has lately sent me a box of specimens 
of similar age from Shark River, Monmouth Co., New Jersey, collected 
by Dr. Kneiskern. In company with Aturia ziczac^ there are imperfect 
specimens of Nautilus Lamarckii Deshayes, another older Eocene form 
of the Paris Basin and of Belgium. Fruits also occur in this bed, refer- 
rible to the genera Nipadites and Mimosites, showing the tropical or 
semitropical climate of the era, and giving evidence of the intimate rela- 
tions of the deposit to the Brandon and Mississippi Lignite strata. In- 
deed it seems clear that this Shark River marl was the bed of the oldest 
Eocene ocean, and that the flora of the Brandon and Southern Tertiary 
dpoch flourished at the same time. The local, circumscribed character of 
the Brandon Lignite is attributed by Prof. Lesley, to its having filled a 
deep depression, thus escaping the denuding forces which swept all traces 
of it away over a wide region that it once covered. The locality at Mont 
Alto, near Chambersburg, described by Prof. Lesley, is doubtless a locally 
preserved fragment of a vast formation once deposited over the Appa- 
lachian slope to the very base of the mountain range, and occupying a 
large space in South Carolina, Georgia, Alabama and Mississippi, and in 
fact) extending to the Pacific as far north as Vancouver's Island. Dana's 
map of the Cretaceous epoch gives a general view of the United States at 
this time, supposing what was then ocean had become land and fresh 
water. 

It is probable that the estuary deposits of Upper Missouri are the base 
of the older Eocene, and the fresh-water shells are the earliest tertiary 
types of this continent The species of Vivipara resemble the Eocene 
forms of the Paris basin. According to Meek and Hayden these beds 
ire more than 2000 feet thick. 
Ax. Jour. Scl— Second Series, Vol. XL, No. 119.— Sept., 1866. 

34 
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Vanuzem was the first geologist who stated that a lignite bed is uta> 
ated in South Carolina between the Cretaceous and Eocene strata, and 
Tuomey has since described several localities in that State and one in 
Clark Co., Alabama, represented by No. 6 of his Bashia Creek section; 
and No, 2 of the section represents the Marlborough and Buhrstone 
group, or second stage of the Eocene. In general, some doubt rests upon 
the identity of species by Tuomey, but the following list of shells con- 
tained in No. 2 is copied, with emendations, from his Report : Ottrea 
Carolinensis Con., Venericardia planicoata^ Protocardia Virginianat 
Con., Voluiilithes Tuomeyi Con. This bed represents the dark-colored 
loose sand of Piscataway, over which, and next in succes-^ion, lies the 
Marlborough rock, which corresponds to the "great Carolinian bed* of 
Ruffin, and the "calcareous strata of the Charleston basin" of Tuomey. 
The sand bed and condition of its fossils, as well as the similarity of some 
of its species, reminds us of the Bracklesham Bay locality in England, 
and the superimposed rock of the Bognor beds. 

Although the Aturia ziczac is the only fossil of Oregon known to be 
identical with the New Jersey Eocene, the vast distance between the lo- 
calities will account for the variation ; for the Continent was then as wide 
as from the Appalachian to the Rocky mountains, and seems to have 
been intersected by many rivers and fresh-water lakes, which have left in 
abundance of shells and mammalian remains entombed in the strata de- 
posited by their waters. The Brapdon fruits described by Hitchcock are 
all different from those of Shark River, but the conditions under which 
they flourished may account for this variation. They probably grew on 
high land, at some distance from the coast, whilst the station of the 
others was on low land along the shore, where Palms and Acacias scat- 
tered their fruit within reach of currents which swept them into the sea. 

At present the marine beds of this era are found to lie close to the 
Atlantic, and in Oregon they skirt the shore ; but estuary deposits were 
observed by Meek and Hayden in Upper Missouri. The Shark River 
marl is an indurated clay, with disseminated grains of green sand, which 
are often smooth and shining, and the shells are all in the form of casta^ 
which are more or less distorted. Portions of this clay are indurated, 
making it as difficult to break as the hardest limestone. Its thickness n 
yet unknown. The Aturia of this locality is discoid, which is the result 
of pressure, whilst the Oregon forms are broader, and one specimen ap- 
proximates to the normal form of the European shell. 

Professor Harper describes a deposit on Chickasawhay river, Missie- 
sippi, which also is of similar geological age. "The Nipadites and CyC' 
adites mixed with coniferous trees, and even oaks." "Stumps are seen 
rooted in the ground, as smooth and even as if not cut with an axe, bni 
sawed with a sharp saw." "A little higher up, on the Chickasawhsy 
river, occurs the most southern outcrop of the large Eocene marl stra- 
tum. Above the marl lies a stratum of hard limestone, which containi 
abundance of an Ostrea of large size." In this description I recognise 
the strata on Savannah river, where the lignite is overlaid by the "great 
Carolinian limestone" group, and succeeded by the Ostrea GeorgioMf 
which is found as far west as Cape St. Lucas in Lower California. 

The lignite bed underlies the bluff at Vicksburg, where we find — 1. 
Jignite; 2, ferruginous rock,w\lh Oztrea Georgiana Coorsid ; 3. St. Stephen^a 
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limestone, or Orbitolite limestone, eighty feet; 4. Vickaburg group, with 
a new species of Orbitolite, — N. supera Conrad. 

This formation appears at Cape Sable, near Annapolis, where, at about 
the water level, "under a stratum of sand, and resting upon an imper- 
meable crust of ferruginous sandstone, lies imbedded in a layer of almost 
pure alumine, a forest of pine trees, thrown down by some ancient con- 
vulsion. The crust which foi^ms the base of this aluminous layer is a 
little below the level of low tides and is of considerable hardness. The 
imbedded pines are converted into lignites more or less impregnated with 
Bulphuret of iron. The central parts are generally transformed into pure 
roetallic sulphuret, sometimes exhibiting in the hollow parts octahedral 
crystals of a yellowish metallic lustre and great hardness. The more re- 
mote the ligneous layers from the center, the less they are saturated with 
Bulphuret of iron. The external rays, as well as the cortical layers, are 
generally pure lignite, some compact and black, others retaining the 
color and friability of rotten wood. In some instances their texture 
seems to have suflfered but little alteration : the central system, concen- 
tric rays, the bark and knots being perfectly discernible ; even fruits are 
occasionally found in a pretty good state of preservation as to form.*" 

The lignite is correctly placed in Morton's diagram as overlying the sec- 
ondary marls. In Morton's paper the first published notice of the for- 
Biation appeared, drawn up from the notes of Lardner Vanuxem, who 
was familiar with the strata in South Carolina. Deshayes states that he 
has found no "Species of organic remains common to Cretaceous and 
Eocene strata in Ekirope or Asia, and I have no doubt that the destruc- 
tion of life was total over the whole surface of the globe at the close of 
the Cretaceous era, Deshayes, indeed, affirms that life has been five 
times destroyed and renewed in the past history of the earth. When we 
find evidence of surprising changes of level in the Eocene period, the*lim- 
ited nature of a mixed fauna is remarkable, for we would expect to find 
it much more extensive at the base of the Eocene. The bed of the At- 
lantic along the coast of the United States, from Cape May to the Gulf 
of Mexico, contains a mixture of recent and Miocene shells, which, if 
elevated abov« the sea level would present a group of shells consisting of 
recent and extinct species, so like in preservation that the fossil could not 
be distinguished from the recent forms, except by one conversant with all 
the Miocene shells. 

Deshayes affirms of the Maestricht beds, ^*that there has been an acci- 
dental mixture of Oretaceous and Eocene; a degradation of a stratum of 
fossiliferous marl diluted in the bed of the tertiary sea at the time of the 
first deposit. The bed of the ocean, under our own eyes, shows an acci- 
dental mixture of this nature." 

The Wilmington rock proves conclusively that this was the case ii;i 
North Carolina. Eocene and Cretaceous fossils are there mingled in a 
breccia. When I first saw this rock in 1882, no fracture or excavation 
revealed its true character; but the external resemblance to the Timbcir 
Creek limestone of New Jersey, with its corallines, was striking. The 
mixture of Secondai'y and Tertiary species in this breccia, shows that a 
disturbance occivred in the bed of the Eocene ocean, which evidently 

^ Dan^nd, Jo|ini..I?l)ilad. College of Pharmacy, v, 12, 1884. 
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from Tnomey's account, extended into South Carolina. No one, I rap- 
pose, will tell us that the Venericardia planicosta existed in the OretaceoiK 
period, yet countless thousands may be observed at the base of the 
Eocene. It is true that in Europe a series of strata, termed Upper and 
£ower ^ Landenien'* and *^ Heersien," are said to intervene between tbe 
chalk and Eocene ; but one of the characteristic fossils of the Upper Ln- 
denien occurs in the Shark river beds, — the Cyprina Morrini of Sowal^. 
It is therefore probable that the former system is merely an extension of 
the London clay. Certainly, in the United States, there is no such sys- 
tem as the ^^Heersien," whilst Lyell found, in the Belgium Lower ''Ln- 
deuien" grey marl, a perfect specimen of the Terebratulina praeUiij a 
well known chalk fossil, — together with Ostrea {Exogyra) lateralu Nyit 
Lyell remarks, that the Lower ** Landenien,'' at Folx les Caves, rests on 
the Maestricht chalk. 

There is an extensive bed of lignite in Europe of Eocene age, whidi 
Deshayes says forms a well determined horizon with the long series of 
^ sables inf6rieures." '* Above the lignite appears a bed of fresh -water and 
marine shells, the horizon of which I believe to be the same as that of Um 
lignite formation of the United States. They reveal a singular state of 
the globe at the commencement of the Tertiary period, presenting a vait 
level region covered by a dense forest, in which palms and oaln grew 
side by side, interspersed with lakes and rivers, and long shallow bays of 
salt water penetrating to the interior of the continents. This stale of 
the globe was exhibited in Europe and America at the same time, and 
the land was little elevated above the sea level, except that in America 
the Appalachian and Rocky mountain ranges stood out from the vait 
plain. 

The Shark River fossils are few in number of species, and generally 
imperfect casts with small chalky portions of the shell occasionally re- 
maiuing. A few of the bivalves have connected valves. About twentj- 
£ve species of shells and plants have been collected, of which I think lix 
shells are identical with species of the London Clay and one of the Pla»- 
iic Clay, Cyprina Morrisii. — Proc. Acad, Nat, Set,, 1866, 70. 

5. On the Fossil Insects from Illinois^ the Miamia and ffemeristk^ 
described in vol. xxxvii, of this Journal, at page 34 ; by Samubl E 
ScuDOER. {From a letter to Professor Dana.) — In my study of the speci- 
mens of fossil insects from Illinois, allowed me through your kindness, I 
have observed new facts of interest, and arrived at some conclusions dif- 
ferent from yours, which I take this opportunity to communicate to yon. 

The part in the Miamia which I believe represents the head is an ob- 
scurely defined portion in front which you regarded as the anterior femur 
and which I at first supposed it, until my attention was directed to the 
diminutive size of the prothorax (only half the width of the rest of the 
thorax) ; for a raptatorial, or any disproportion ally large, fore-femur 
would require a prothorax of at least the size of the mesothorax or 
metathorax, bearing, as they do in this case, wings of such a feeble type. 
The right posterior border of the head is not represented in the drawing 
given, and is quite indistinct, but forms a regular outline of exact syni- 
metry with the opposite. The middle and hind femora and tibia are 
quite distinct, but unfortunately we cannot see the basal terminations of 
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the femora, and do not know how far they may be removed from their 
nataral connection with the body ; and since the tarsi are wanting we 
are unable to tell whether the tibisd are docked, or whether we actually 
fiew the extremity, although the latter is probably the case. 

The head appears to have an ovoidal outline, and on either side there 
•re depressions — that on the left very distinct — which are apparently the 
positions of the elongate prominent eyes; and there are also faint indi- 
cations of antennae taking their rise at the usual point. 

In the Ifemeristia^ with the exception of a fragment of a femur quite 
like that of Miamia, of which no representation is attempted to be given 
in your cut, we have only a portion of the four wings preserved. ITiat 
we have more than a single wing is evident from the symmetry of the 
two sides of the fragments, and the regular intersection of the nervures 
from either side. In point of fact, we have in this case four completely 
overlapping wings in an attitude of repose, so perfectly transparent, and 
provided with such strong nervures and cross-veins, that those of each 
wing are visible in some portion of the fragment, forming thus a very 
confusing and almost inextricable mass of veins crossing and connected 
with one another in a most perplexing manner ; moreover, the principal 
portions of the apex of the wings are broken off, the basal portions un- 
distinguishable, and no portion of any one of the wings present in place 
'except a very short piece of the anterior border of one, which fortunately 
is at the most important curve; neither have we, apart from the direction 
and position of the nervures themselves, any means of determining 
whether the upper or under surface of the insect is presented to us, the 
abdomen being absent, or at least invisible. It is nevertheless possible to 
decide that the upper surface of the insect is uppermost ; that the right 
anterior wing overlaps the left anterior wing; and to reconstruct the en- 
tire anterior wing with but little doubt attaching to its exact form and 
the direction of the nervures, and to point out the principal and most 
diaracteristic differences between the neuration of the anterior and pos- 
terior wing. 

The details I have presented in full in a paper read before the Boston 
Society of Natural History which will soon be published in their Memoirs. 

From the facts which I have observed, I am enabled to determine with 
considerable precision the relation of these insects to the Neuroptera. 

In the paper referred to I have discussed this question fully, and I will 
here give but a brief statement of my results. I am satisfied that the 
direction, mode of branching, and the amount and position of the space 
occupied by the principal nervures of the wings form most satisfactory 
bases for the distinction of families in this group of Neuroptera, characters 
upon which no systematist appears hitherto to have relied, and to which 
none have invited any attention, except it be Burmeister, whose treat- 
ment of it appears to have been partial, not altogether accurate, and ex- 
hibits a tendency to exaggerate the value of unimportant characters to 
the exclusion of those of more weighty significance. Heer, however, in 
his work on the fossil insects of (Eningen &c., has distinguished the Ter- 
mitina by charactere of this sort in a proper manner, and it is to be re- 
gretted that he should not have extended his studies to other families. 

From the wing-characteristics we learn that the Miamia and the Hem- 
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eristia belong to distinct families, and that neither of them can be refe^ 
red to any family of known living tpyes, although resembling in certais 
features sometimes one, sometimes another, of these families; anditii 
most interesting, in this connection, to find that the families, from whidi 
these peculiarities are borrowed, belong, some to the Neuroptera proper, 
and some to the so-called Pseudoneuroptera (classed by some authon 
"with the Orthoptera), so that the fossil forms unquestionably represent t 
synthetic Neuropterous type, uniting in one and the same group featQr«B 
of wing-structure found existing by themselves only in Neuropterous 
groups widely separated. We are etrongly fortified in this view by the 
other portions of the insect in the Miamia. In the abdomen, mesotho- 
rax and metathorax, we are strongly reminded of Corydalis, one of the 
Sialina, a Neuropterous family ; while in the head and prothorax, to* 
gether with the flattened legs, we have features which are quite charac* 
teristeric of the Perlina^ a member of the Pseudoneuroptera ; their com- 
bination, however, we find only in the family to which the Miamia be- 
longs. So far as the small fragments of femora and tibiee in the Heme- 
ristia tell us anything, they indicate a close affinity with the Miamia, so 
close indeed, that it appears highly probable that in characters apart 
from those drawn from the structure of the wing we shall find, as in 
Miamia, a relationship with the Neuropterous and Pseudoneuropteroos 
types. 

For these two synthetic families, I would propose ike names of Paue- 
OPTERiNA and Hbmeristina. 

In the Paloeopterina we have a body rather broad and depressed, the 
head horizontal, the legs compressed, not long, the wings large, very 
regularly rounded, the two pairs equal, extending beyond the abdomen, 
and when at rest overlapping one another horizontally above it in a 
loose manner. In the wings the first nervure is continuous as in all other 
families except Odonata ; the second impinges upon the third in the outer 
half of the wing; the third branches in the middle third of the wing at a 
very slight angle, the lower branch rebranching ; the fourth, running in 
close contiguity to the previous one, branches near the division of the 
third; these four nervures occupy the anterior half of the wing; the 
fifth forks near but below the branching of the previous ones, its upper 
fork continually reforking, the branches so formed sometimes connected 
by distant cross-veins with one another, or with the lower branch of the 
fourth nervure; the sixth occupies about as much space as the fifth and 
is made up of a number of branches which fork near the base and fill the 
space with approximate nervules running parallel to the lawer branch of 
the Mb. The wings are feeble and the nervures delicate, as in Ephem- 
erina. 

In the Hemeristlna the first, second and third nervures run nearly par- 
allel to one another throughout their course ; the third sends out a branch 
at the extremity of the basal third of the wing at a considerable angle, 
which soon curves upward and runs nearly parallel to the main stem, 
sending out from its lower side several branches; these three nearly oc- 
cupy the anterior half of the wing; the fourth, after running in contigu- 
ity with the third, diverges widely from it and forks below the branching 
of the third ; the fifth, running parallel to the previous, forks very na^ 
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iowlj near the base^ the upper fork again forking in a similar mannef, 
and the lower emitting branches from its under side ; the sixth is proba- 
bly nearly as in the Paleeopterina, though but little remains of it. The 
wings overlap one another very completely, are twice as broad in the 
middle as at the base, strong, the nervures prominent, and connected 
throughout by frequent and strong, generally straight, cross-veins. The 
legs are broad and compressed. 

The characters here given are sufficient to distinguish these families 
from any others now known among the Neuroptera. 

In concluding I take pleasure in apprising you that in the still older 
forma of insects that have been discovered by Mr. C. F. Hartt in the De-* 
vonian strata of New Brunswick are represented other hitherto unknown 
families of Neuroptera, some of which exhibit, in even more striking a 
manner than your specimens, combinations of structure borrowed from 
families of the two great sections. One is a gigantic member of the fam- 
ily Ephemerina ; if?hile the most interesting of all is a wing which appears 
to blend the peculiar structure of the stridulating apparatus of the male 
in some Orthoptera, with the general mode of neuration of the wings 
holding in the Neuroptera, carrying the synthesis one step farther back. 

Boston Society of Natural History, Jan. 30, 1866. 

6. Paleontology of the Upper Missouri, A Report upon collections 
made principally by the Expeditions under the command of Lieut. G. K. 
Warren, U. 8. Top. Engrs. in 1855 and 1856. Invertebrates, by F. B. 
Mejbk and F. V. Haydkn, M.D.; Part I, 136 pp. 4to, with five plates; 
1865. (Smithsonian Contributions to Knowledge; accepted for publica- 
tion May, 1864.) — To Messrs. Meek and Hayden we are indebted for a 
large part of all our accurate knowledge of the geology and paleontology 
of the eastern slope of the Rocky Mountains. Both have explored por- 
tions of the region, but Hayden much the most extensively; while the 
determination of the fossils collected and the working up of the paleon- 
tology is mainly the labor of Mr. Meek. The volume on the paleontol- 
ogy, just issued under the auspices of the Smithsonian Institution, takes 
up the fossils of, (1) the Potsdam or Primordial period, (2) the Carbon- 
iferous, (3) the Permian, and (4) the Jurassic. A second part of larger 
size, will contain the Cretaceous fossils, and a third the Tertiary. The 
work is not a mere description of fossils with figures; but besides full de- 
scriptions, it contains a thorough discussion of the zoological characters 
and affinities of the species, their synonymy, and their stratigraphical and 
geographical relations. The synonymy has become greatly confused, 
and particularly so for this western region, through the hasty work of 
explorei-s ; aod it is of great importance to the science that the subject 
should have been so thoroughly followed out through ail its intricacies. 
The plates are handsomely lithographed from the careful drawings of 
Mr. Meek. The country owes much to the Smithsonian Institution for 
the publication of works illustrating American history ; and those relating 
to its ancient progress through the geological ages are not the least valu- 
able among them. 

7. Arckceopteryx, — On one of the two slabs from Solenhofen contain- 
ing remains of the Archaeopteryx, there is **a crescent shaped protuber- 
ance " which is pronounced by Mr. Evans, in an article in the Natural 
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History Review for June, to have been due to the remains of the OrwA' 
um of the Archseopteryx, and even the form of the brain cavity and {x^ 
fiition of the brain — both ornithic in character, are supposed to be made 
out. There is also on the principal slab a small V-shaped object, the 
longer limb of which is l-J- inches long, made partly of mineralized bone 
and partly of the same bones that occur on the counterpart slab. Along 
side of it there are impressions of four teeth. These teeth may be the 
teeth of the Archseopteryx, if not of some other animal whoee remaiiii 
lie buried in the same rock. H. von Mayer has examined the teeth a&d 
observes that he has not before seen teeth of the same kind in the litho- 
graphic stone ; and that they are most like the teeth of his family of 
Acrosaurus, 

8. Documents sur les tremhlements de terre et Us pkenomenes vokm^ 
iques dans PArckipel des Kouriles et au Kamtsckatka ; par M. Alizb 
Perrey. 166 pp., large 8vo. (From the publications of La Soo. 
Imp. d' Agriculture, d^Hist. Nat. et des Arts utiles de Lyon, July 17, 
1863). — Prof. Perrey gives in this memoir a very full review of all that 
is known with respect to the volcanos and earthquakes of the Ean1e 
Islands and Eamtschatka. He quotes at length from a memoir by E. 
von Dittmar, in Petermann's Geogr. Mittheilungen, 1860, on the latter 
region, giving descriptions of 12 active and 22 extinct volcanoe in east- 
ern Eamtschatka and 5 extinct in western, besides many hot spriaA 
Dittmar states, in conclusion, that volcanic activity commences to the 
north near the parallel of 62°, but is apparent there only in hot spriogib 
The first volcanos occur between the parallels of 58^ and 57% and theie 
are extinct. 57° is the beginning of the long line of volcanos (the 
** A16out6s *') which continues to the southern extremity of the peninsula, 
and extends on, in the Euriles, even to Japan. The active vents are 
most thickly grouped between 54° and 55°, and the hot springs about 
the 53d parallel. The solfataras and the deposits of sulphur occur along 
the whole volcanic line from 62° to southern Eamtschatka, being situated 
in the old craters or near hot springs. On the western side of the peoiih 
aula there are only a few volcanos, and these are extinct. Prof, rerrej 
cites from other memoirs numerous details of interest connected with the 
eruptions of the volcanos, and the earthquakes of the peninsula. 

9. Extraits de Oeologie^ pour les annees, 1862-1863; par M. Delessi, 
Ingenieur en chef des Mines. 150 pp. 8vo., Paris. (From the Annales del 
Mines, vol. vi, 1864). — In this review of progress in geological scienoe, 
which has been continued now for some years by Mr. Delesse, the author 
does not attempt to include paleontology and stratigraphical geology; 
but, being prepared for the Annales des Mines, the Government Mining 
Journal of France, it enters fully into the subjects of lithology — that is, 
the nature and composition of rocks and rock materials, mineral waters, 
alluvium, meteorites, etc., dwelling at length on metalliferous rocks and 
the various mining regions recently developed and their metallic veins; 
and also dynamical geology, including whatever relates to the alteration 
and decomposition of rocks or their ores or other mineral constituents, to 
metamorphism, and to the origin of rocks and the earth's general features^ 
This Annual Report will be found of great interest to both the theoreti- 
cal and mining geologist. 
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10. BarthquaJee in the Mississippi Valley. — On the llTth of last Au* 

EMt, at 9 o'clock A. M., an earthquake was felt in the Mississippi valley, at 
oily Springs, Oxford, and Grenada in Mississippi, Memphis and La- 
ffrange in Tennessee, St. Louis in Missouri, and Cairo in Illinois. How 
ur beyond these limits it extended we have not yet learned. At Mem- 
phis the shock lasted about ten seconds, and was severe enough to 
tamble down chimnies, upset loose articles, and cause the people to run 
out of their houses. It is reported to have been most severe at Holly 
Springs, Mississippi, and Lagrange, Tennessee. 

11. Geological Survey of Nevada, — Mr. R. H. Stretch, of Virginia 
City, we are informed, has been appointed State Geologist of Nevada, in 
conformity with the provisions of the Act passed last winter by the Leg- 
islature of this new State. 

III. BOTANY AND ZOOLOGY. 

1. The Tennessee Yellow- Wood [Cladrastis lutea), — One of the very 
handsomest of our ornamental trees has this summer flowered finely in 
the south of England, as we learn from the Gardener's Chronicle, — the 
tree "completely covered with long drooping branches of pure white 
flowers, many of them nearly eighteen inches in length and from ten to 
twelve inches wide at the shoulders. The foliage, being of a lively green, 
contrasted favorably with the pure white blossoms. It is also nicely 
scented." An unusually warm summer has for once brought this tree 
well into blossom in England. Even here it blossoms copiously only every 
other year; this year it did so to perfection, owing to the heat and dry- 
ness of last season and the very favorable spring of the present year. 
The fine large tree in the Cambridge Botanic Garden was, as it were, 
▼eiled with white, and many of the graceful pendent clusters were fully 
two feet in length. a. a. 

2. Welwitschia witVa6i7e«, Hook., fil. — Some account of this very 
strange vegetable, and of the interesting memoir, in the Linncean Trans- 
actions, in which Dr. Hooker made it known to the botanical world, was 

g'yen in our vol. xxxvi, for Nov. 1863. Through the great kindness of 
r. Hooker, the Herbarium of Harvard University has recently received 
a fine old trunk of this tree, — if we may so call a woody plant which, 
though perhaps a century old, is only a foot or two in height, and as 
broad as it is high, and never had any other foliage than the primary 
pair of leaves, the cotyledons, — accompanied by the cones (for it is a sort 
of coniferous tree), both dry and in alcohol. a. a. 

3. On the Movements and Habits of Climbing Plants ; by Charles 
Dabwin. — This is a long paper read before the Linnsean Society in Feb- 
mary last, and published in its Journal, where it fills 120 pages of the 
doable number, 33 and 34, issued in June. The investigations which it 
records were made, we believe, during a period when the author's ordi- 
nary scientific labors were interrupted by illness, — as was no less the case 
with respect to his former papers on Dimorphous and Trimorphous Flow- 
ers and his volume on the Fertilization of Orchids by the aid of Insects. 
Of these works and of the present, — side-issues as they are, — it may 
&irly be said, that they show a genius for biological investigation, and 

Am. Joub. Sol— Second Sbbies, Vol. XL, No. 119.— Sept., 1865. 

35 
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a power of turning common materials and ordinary obaiervatioDS to Ugb 
scientific account, which, if equalled, have not been surpassed since ue 
days of Hunter and Charles Bell. This will be the opinion equally, we 
suppose, of those who favor and of those who dislike Mr. Darwin^s the- 
ory of the gradual transformation of specific forms through natural selec- 
tion, upon which, indeed, all these collateral researches have a bearing, 
direct or incidental. In the present case the bearing is obvious. The 
gradual acquisition by certain plants of advantageous peculiarities is in- 
ferred from the gradation of forms and functions. Properties and pow- 
ers which are latent or feebly developed in most plants are taken advan- 
tage of by some, made specially useful, and enhanced from generation 
to generation. Tendril-bearing plants, — the most specialized in structure 
and the most exquisitely adapted to the end in view, — are supposed to 
have been derived from leaf-climbers, and these in turn from simple 
twiners. 

The author states that he was led to this subject by a brief note, com- 
municated to the American Academy in the summer of 1858, (and re- 
printed in this Journal,) in which the writer of the present notice record* 
ed his observation of the coiling of certain tendrils by a visible move- 
ment promptly following an extraneous irritation. Mr. Darwin's ob66^ 
vations were more than half completed before he became aware that the 
spontaneous revolution of the stems and of some tendrils of climbiDg 
plants had been observed and recorded almost 40 years ago, and nearly 
at the same time, by Palm and by von Mohl, and had been the sub- 
ject of two memoirs by Dutrochet, published more than twenty years 
ago. But the mode in which the free and growing end of a stem sweeps 
around seems not to have been previously well made out, having been 
more or less confounded with the torsion of the axis which many twining 
stems, such as the Hop and the Morning Glory, are apt to undergo. It 
is plain to see, however, that many stems which revolve do not twist at 
all ; and those that do never could twist on their axis at every revolution 
without speedy destruction, — indeed usually do not twist until they have 
ceased revolving. Every one must have noticed that the growing extreoh 
ity of a Hop, Convolvulus, or other twiner, when unsupported, hangs 
over or stretches out horizontally to one side. But it is not so well 
known that this outstretched portion, while at the proper age, is contin- 
ually sweeping round, in circles widening as it grows, and always in 
the same direction, in search of some object round which to twine. The 
Hop revolves with the sun; the Convolvulus, Bean {Phaseoliis) dro., 
against the sun, that is, in the same directions that they twine. Two or 
three internodes are usually revolving at the same time. Mr. Darwin ob- 
served thirty-seven revolutions in oneinternodeof aHop, — the first revolu- 
tion made in about 24 hours, the second in 9 hours, the third and the follow- 
ing ones up to the eighth in a little over 3 hours each. "The shoot had 
now grown 3 J inches in length, and carried at its extremity a young in- 
ternode an inch in length, which showed slight changes in its curvature. 
The next or ninth revolution was effected in 2 houi-s and 30 minutes. 
From this time forward the revolutions were easily observed. The thirty- 
sixth revolution was performed at the usual rate ; so was the last or 
thirty-seventh, but it was not quite completed ; for the internode abruptly 
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became upright, and, after moving to the center became motionless. I 
tied a weight to its upper end, so as slightly to bow it, and thus to detect 
any movement ; but there was none. Some time before the last revolu- 
tion Che lower part of the internode had ceased to move It 

moved during five days; but the more rapid movement after the third 
revolution lasted during three days and twenty hours. The regular rev- 
olutions from the 9th to the 36th inclusive, were performed at the aver- 
age rate of 2 h. 31 m. The weather was cold, and this affected the tem- 
perature of the room, especially during the night, and consequently 

retarded a little the rate of movement After the seventeenth 

revolution the internode had grown from If to 6 inches in length, and 
earried an internode Ij inch long, which was just perceptibly moving; 
snd this carried a very minute ultimate internode. After the ^Ist revo- 
lution the penultimate internode was 2^ inches long, and probably re- 
volved in a period of about three hours. At the 27th revolution our 
lower internode was 8f , the penultimate 8J, and the ultimate 2^ inches 
in length; and the inclination of the whole shoot was such that a circle 
19 inches in diameter was swept by it. When the movement ceased the 
lower internode was 9 and the penultimate 6 inches in length ; so that, 
from the 2'7th to the 37th revolutions inclusive, three internodes were at 
the same time revolving." — (pp. 3, 4.) 

The shoots of many climi>ers sweep their circles more rapidly than the 
Hop, — the common Pole Bean {Pkaseolus vulgaris) in rather less than 
two hours, Convolruluses of various species in the same time or rather 
less; while more woody stems naturally move more slowly, some requir- 
ing from 24 to 60 hours for each revolution,. But the thickness or tex- 
ture of the shoot does not govern the rate, many slender sjaoots moving 
Blower than some stout ones, and 43orae lignescent quicker than other 
purely herbaceous ones. The movement appears to be accelerated, up to 
a certain point, by raising the temperature, or Tather is retarded by low- 
ering it ; but while the conditions are nearly the same, the rate is often 
remarkably uniform. The quickest rate of revolution of a proper stem 
oltserved by Mr. Darwin was that of a Sct/phranihus, in 77 minutes. 
When the light comes from one side, the semicircle towards the light is 
usually described in less time, often in less than half the time, of that 
from the light. The tendency of young stems to turn toward the light is 
here active as usual, but is overcome by a superior force. The end of the 
shoot describes cirdes or broad ellipses, or else, from insufficient power 
or mechanical disadvantages, narrow ellipses, semicircles, or irregular fig- 
ures. A horizontal sfhoot of considerable length will thus be found, not 
unfrequently, to sway from side -to side in a semicircular course, while 
the extreme internodes are making complete revolutions. 

A striking illustration of -the amount of space that may be swept over 
is afforded by a ease in which Mr. Darwin allowed the top of a Ceropegia 
togrow out almost horizon taUy to the length of 31 inches, — three long inter- 
nodes terminated by -two short ones. The whole revolved at rates be- 
tween 5i and 6|- hours for each revolution, the tip sweeping a circle of 
above five feet in diameter and 16 feet in circumference, ^travelling there- 
fore at the rate of at least 32 inches per hour. *^ It was an interesting 
spectacle to watek the long shoot sweeping, night and day, this grand 
circle, in search of some object around which to twine." 
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As to the nature of this revolving movement, Mr. Darwin clearly shon 
that it is not a torsion of the axis, out a successive bending [similar to 
that by which ordinary stems bend toward the light], the direction d 
which is constantly and uniformly changing. ** If a colored streak be 
painted (this was done with a large number of twining plants) along, we 
will say, the convex line of surface, this colored streak will, after a time 
depend! Dg on the rate of revolution, be found to lie along one side of 
the bow, then along the concave side, then on the opposite side, and, 
lastly, again on the opposite convex surface. This clearly proves that 
the internodes, during the revolving movement, become bowed in every 
direction. The movement, is, in fact, a continuous self-bowing of the 
whole shoot, successively directed to all points of the compass." It ii 
an automatic movement, of the same character as those which these and 
other parts of plants effect in changing position or direction, someUmei 
slowly and sometimes with a visible motion. The movement may be 
likened in one case to that of the hour-hand or the minute-hand of a 
clock, in the other to the second-hand, but in both is as truly a vital 
movement as is the contraction of an iuvoluntary muscle. It most be 
effected — as Mr. Darwin recognizes — either by the contraction of the celb 
on the concave side, or by the turgescence and elongation of those on the 
convex side of the internode, or by both, — probably the former, aa 
various facts go to show ; but questions of that kind are not investigated 
in the present essay. 

No differences in this regard are observable in the beha^or of exogen* 
ous or endogenous stems, or even of those of climbing Ferns. Lygodium 
ecandens, according to Darwin, revolves like other twiners ; it completei 
its revolutions in six hours, or on a very hot day in five (moving against 
the sun, which is much the commoner case) ; this is about the average 
rate of Phaenogamous twiners, like which it comports itself in iill re- 
spects. Our own L, palmatum^ we find, revolves in the same way, in 
about four hours, the temperature being 76^ Fahr. 

The power of revolving depends, of course, upon the general health 
and vigor of the plant, and upon the age of the shoot, is retarded by 
lowering the temperature, is interrupted by any considerable disturbance, 
such as exposure to cold or to much jarring; carrying the plant from one 
place to another, or cutting off a shoot and placing it in water, stofMthe 
movement for a time, just as it does the more vivid automatic movement 
of Desmodium gyrans. But each internode is so independent that cut- 
ting off an upper one does not affect the revolutions of the one beneath. 
Twining stems are far from being insensible to .the action of light (ai 
Mohl supposed), the half revolution towards the light being not uncom- 
monly twice faster than that from it ; but as the rate <£ revolution by 
day and by night is nearly the same, tHe one half of the circuit is aood- 
erated just as muck as the other is retarded. This influence of the light 
is quite remarkable when we consider the slenderaess of most revolving 
internodes, the small surfaces they expose, and that their leaves arelitt^ 
developed. 

The design, as we must term it, of this revolving of the end of twin- 
ing stems is obvious, and usually effectual. Such stems, even when no 
supporting object is within their reach, will reach each other, ftDd4>y twin- 
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vag together make a mutual support, from M^bicb, as they lengthen, 
they may reach yet farther. The connection of the revolving with twin- 
ing is obvious, though the latter is not a necessary consequence ; for 
many stems revolve which do not twine, but climb in some other way. 

*«When at last the [revolving] shoot meets with a support, the motion 
at the point of contact is necessarily arrested, but the free projecting'^part 
goes on revolving. Almost immediately another and upper point of the 
shoot is brought into contact with the support and is arrested ; and 
•o onward to the extremity of the shoot ; and thus it winds round its 
support. When the shoot follows the sun in its revolving course, it 
winds itself round the support from right to left, the support being sup- 
posed to stand in front of the beholder; when the shoot revolves in an 
apposite direction, the line of winding is reversed. As each internode 
loses from age its power of revolving, it loses its power of spirally twining 
ronod a support. If a man swings a rope round his head, and the end 
bits « stick, it will coil round the stick according to the direction of the 
swinging rope ; so it is with twining plants, the continued contraction or 
turgescence of the cells along the free part of the shoot replacing the 
momentum of each atom of the free end of the rope. 

^ All the authors, except von Mohl, who have discussed the spiral twin- 
ing of plants maintain that such plants have a natural tendency to grow 
spirally. Mohl believes (S. 112) that twining stems have a dull kind of 
irritability, so that they bend toward any object which they touch. 
Even before reading MohPs interesting treatise, this view seemed to me so 
probable that I tested it in every way that I could, but always with neg- 
ative results. I rubbed many shoots much harder than is necessary to 
excite movement in any tendril or in any footstalk of a leaf-climber, but 
without result. I then tied a very light forked twig to a shoot of a Hop,, 
a Ceropegia, SphcBrostema^ and Adhatoda, so that the fork pressed on one 
side alone of the shoot and revolved with it ; I purposely selected some 
very slow revolvers, as it seemed most likely that these would profit from 
possessing irritability ; but in no case was any effect produced. More- 
over, when a shoot winds round a support, the movement is always 
slower, as we shall immediately see, than whilst it revolves freely and 
touches nothing. Hence I conclude that twining stems are not irritable ; 
and indeed it is not probable that it should be so, as nature always econ- 
omizes her means, and irritability would be superfluous. Nevertheless I 
•do not wish to assert that they are never irritable; for the growing axis 
of the leaf-climbing, but not spirally twining, Lopkospermum scandens 
is, as we shall hereafter see, certainly irritable ; but this case gives me 
oenfidence that ordinary twiners do not possess this quality, for directly 
after putting a stick to the Lophospermum, I saw that it behaved differ- 
ently >from any true twiner or any other leaf-climber. 

**The belief that twiners have a natural tendency to grow spirally 
pvobably arose from their assuming this form when wound round a sup- 
port, and from the extremity, even whilst remaining free, sometimes as- 
suming this same form. The free internodes of vigorously growing 
plants, .when they cease to revolve, become straight, and show no ten- 
dency to be spiral ; but when any shoot has nearly ceased to grow, or 
when )die pUnt is unhealthy, the extremity does occasionally become spi- 
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ral. I have seen ibis in a remarkable degree witb tbe ends of thesbooti 
of tbe Stauntonia and of the allied Akehia^ wbicb became closely womd 
iip spirally, just like a tendril, especially after tbe small, ill-formed leayei 
bad perisbed. Tbe explanation of tbis fact is, I believe, tbat tbe lower 
parts of sucb terminal iiiternodes very gradually and successively lose 
tbeir power of movement, wbilst tbe portions just above move onward, 
and in tbeir turn become motionless ; and tbis ends in forming an irreg- 
ular spire. 

** When a revolving shoot strikes a stick, it winds round it rather mora 
«low]y than it revolves. For instance, a shoot of the Ceropegia took 9 h. 
30 m. to make one complete spire round a stick, whilst it revolved in 
6 b.; Aristolochia gigas revolved in about 5 h., but took 9 h. 15 m. to 
complete its spire. This, I presume, is due to tbe continued disturbance 
of the moving force by its arrestment at each successive point; we shall 
hereafter see that even shaking a plant retards the revolving movement. 
The terminal internodes of a long, much-inclined, revolving shoot of tbe. 
Ceropegia^ after they had wound round a stick, always slipped up it, so 
as to render the spire more open than it was at first; and tbis was evi- 
dently due to tbe force which caused tbe revolutions being now almost 
freed from the constraint of gravity, and allowed to act freely. With 
the Wisteria^ on the other band, a long, horizontal shoot wound itself 
at first, in a very close spire, which remained unchanged ; but subee- 
Quently, as tbe shoot grew, it made a much more open spire. With all 
tne many plants which were allowed freely to ascend a support, tbe ter 
minal internodes made at first a close spire; and tbis, during windy 
weather, well served to keep the shoots in contact with their support; 
but as the penultimate internodes grew in length, they pushed them- 
selves up for a considerable space (ascertained by colored marks on tbe 
shoot and on tbe support) round the stick, and tbe spire became more 
open. 

'* If a stick which has arrested a revolving shoot, but has not as yet 
been wound round, be suddenly taken away, tbe shoot generally springs 
forward, showing that it has continued to press against the stick. If the 
stick, shortly after having been wound round, be withdrawn, the shoot 
retains for a time its spiral form, then straightens itself, and again com- 
mences to revolve. The long, much-inclined shoot of the Ceropegia pre- 
viously alluded to offered some curious peculiarities. The lower and 
older internodes, which continued to revolve, bad become so stiff that 
they were incapable, on repeated trials, of twining round a thin stick, 
showing that the power of movement was retained after flexibility bad 
been lost. I then moved the stick to a greater distance, so tbat it was 
struck by a point 2^ inches from tbe extremity of tbe penultimate inte^ 
node ; and it was then neatly wound round by this part and by the ulti- 
mate internode. After leaving the spirally wound shoot for eleven hours, 
I quietly withdrew the stick, and in the course of the day tbe curled 
part straightened itself and re-coramenced revolving; but the lower and 
not curled portion of the penultimate internode did not move, a sort of 
binge separating the moving and the motionless part of tbe same inter- 
node. After a few days, however, I found that the lower part of this 
internode had likewise recovered its revolving power. These several facts 
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show, that, in the arrested portion of a revdving shoot, the power of 
movement is not immediately lost, and that when temporarily lost it can 
be recovered. When a shoot has remained for a considerable time wound 
round its support, it permanently retains its spiral form even when the 
support is removed. 

" When a stick was placed so as to arrest the lower and rigid inter- 
nodes of the Ceropegia at the distance at first of 15 and then of 21 
inches from the centeivof revolution, the shoot slowly and gradually slid 
up the stick, so as to become more and more highly inclined ; and then, 
after an interval sufficient to have allowed of a semi revolution, it sud- 
denly bounded from the stick and fell over to the opposite side, to its 
ordinary slight inclination. It now recommenced revolving in its usual 
course, so that after a semi-revolution it again came into contact with the 
stick, again slid up it, and again bounded from it. This movement of 
the shoot had a very odd appearance, as if it were disgusted with its 
failure but resolved to try again. We shall, I think, understand this 
movement by considering the former illustration of the sapling, in which 
the contracting surface was supposed to creep from the southern, by the 
eastern, to the northern, and tlience back again by the western side to 
the southern face, successively bowing the sapling in all directions. Now 
with the Ceropegia, the stick being placed a very little to the east of due 
south of the plant, the eastern contraction could produce no effect beyond 
pressing the rigid internode against the stick ; but as soon as the con- 
traction on the northern face began, it would slowly drag the shoot up 
the stick ; and then, as soon as the western contraction had well begun, 
the shoot would be drawn from the stick, and its weight, coinciding with 
the northwestern contraction, would cause it suddenly to fall to the 
opposite side with its proper slightly inclined positions ; and the ordinary 
revolving movement would go on. I have described this case because it 
first made me understand the order in which the contracting or turges- 
cent cells of revolving shoots must act. 

"The view just given further explains, as I believe, a fact observed by 
von Mohl (S. 135), namely, that a revolving shoot, though it will twine 
round an object as thin as a thread, cannot do so round a thick support. 
I placed some long revolving shoots of a Wisteria close to a post 
l^tween 5 and 6 inches in diameter, but they could' not, though aided 
by me in many ways, wind round it. This apparently is owing to the 
flexure of the shoot, when winding round an object so gently curved as 
this post, not being sufficient to hold the shoot to its place when the con- 
tracting force creeps round to the opposite surface of the shoot ; so that 
it is at each revolution withdrawn from its support." — (pp. 9-13, passim,) 

The successive shifting of the contracting side of the shoot, which ex- 
plains the revolution or bowing in turn in every direction, no less explains 
the twining round a proper support, leaving however some idiosynora- 
ses unexplained. Some tendrils and some petioles of leaf-climbing plants 
equally possess this revolving power ; but their usefulness depends mainly 
upon additional and more special endowments, — mainly upon the power 
of directly responding by curvature to the contact, more or less pro- 
longed, of an extraneous body. 
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Of Leaf-elimbers, no instance is more familiar than tbat of Cbn- 
atis or Virginia Bower. Little more was known of them than that they 
climbed by curling their petioles ((sommon or partial) around neighboring 
object& Mr. Darwin made observations upon eight species of Clemaikt 
seven of Tropceolum, the common species of Maurandia^ Lophotpet' 
mum, Famaria^ (fee, as also upon Glariasa and Flagdlaria^ whidi 
climb by a tendriMike production of the tip of the leaf. From thesam- 
mary it appears that plants which belong to eigbtifamilies are known to 
have clasping petioles, and those of four families climb by the tips o( 
their leaves. In almost all of them the young internodes revolve, in 
some of them as extensively as in twining plants, — the movement being 
plainly serviceable in bringing the petioles or the tips of the leaves into 
contact with surrounding objects. Those whose shoots revolve most 
freely are also capable of twining spirally around a support; but when 
the stem twines (as in Clematis Sieholdii and calyeina, but not in G, FtC- 
icella)^ it has the peculiarity of winding first in one direction for two or 
three turns, and then in the opposite direction. The petioles are prin- 
cipally efficient in these plants, and that by means of an endowment 
which is not shown to belong to twining stems, with one or two ezoep- 
tions. That is, the petioles or their divisions are sensitive to the oonuiot 
of an extraneous body, contracting on the side touched so as to onrve or 
coil around it Tbat the footstalk is directly sensitive to the touch, jmk 
as tendrils are, Mr. Darwin proved by lightly rubbing them with a twig 
for a few times, when in the course of some hours it bends to the rob- 
bed side, afterwards becoming straight again ; or by leaving the body in 
contact it is permanently clasped by the footstalk. So sensitive are somt 
footstalks that '^a loop of thread weighing a quarter of a grain caused tbem 
to bend ; a loop weighing one-eighth of a grain sometimes acted, and 
sometimes not." In one instance, in Clematis Flammula, even the six* 
teenth part of a grain caused a petiole to bend through nearly 90 de> 
grees. With rare exceptions only the young petioles are seositiva 
Take the cultivated Clematis Viticella for an illustration of the mode ii 
which the leaves do the work of climbing. 

** The leaves are of large size. There are three pairs of lateral leafleti 
and a terminal one, all borne by rather long petioles. The main petiole 
bends a little, angularly, downwards at each point where a pair of leaflets 
arises, and the petiole of the terminal leaflet is bent downward at right 
angles ; hence the whole petiole, with its rectangularly bent extremity, 
acts as a hook. This, with the lateral petioles directed a little upward, 
forms an excellent grappling apparatus by which the leaves readily be- 
come entangled with surrounding objects. If they catch nothing, the 
whole petiole ultimately grows straight. Both the medial and lateral 
petioles are sensitive; and the three branches, into which the basi-latend 
petioles are generally subdivided, likewise are sensitive. The basal po^ 
tion of the main petiole, between the stem and the first pair of leaflets, ii 
less sensitive than the remainder, but it will clasp a stick when in con- 
tact On the other hand, the inferior surface of the rectangularly bent 
terminal portion (carrying the terminal leaflet), which forms the inner 
side of the end of the hook, is the most sensitive part; and this portion 
is manifestly best adapted to catch distant supports. To show the dififor- 
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etioe in sensibility) I gently placed loops of string of the same weight 
(in one instance weighing *82 of a grain) on the several lateral and on 
the terminal sub-petioles ; in a few hours the latter were bent, but after 
24 h. no effect was produced on any of the lateral petioles. Again, a 
terminal sub-petiole placed in contact with a thin stick became sensibly 
curved in 45 m., and in 1 h. 10 m. had moved through ninety degrees, 
whereas a lateral petiole did not become sensibly curved until 3 h. 30 m. 
had elapsed. In this latter case, and in all other such cases, if the sticks 
be taken away, the petioles continue to move during many hours after- 
ward ; so they do after a slight rubbing ; but ultimately, if the flexure 
has not been very great or long-continued, they become, after about a 
day's interval, straight again." — (p. 31.) 

in numerous cases, notably in Solatium jasminoides^ the petiole when 
clasped increases very greatly in thickness and rigidity, undergoing a 
change in its woody structure by which the fibro-vascular bundles, orig- 
inally semilunar in cross-section, develop into a closed ring, like that of 
an exogenous stem. 

Lophospermum scandens of the gardens climbs, like its allies Mau- 
randia find jRkodochiton^ by clasping petioles; but in this plant, alone, 
the young internodes are also sensitive to the touch. 

"When a petiole clasps a stick, it draws the base of the internode 
against it; and then the internode itself bends toward the stick, which 
is thus caught between the stem and the petiole as by a pair of pincers. 
The internode straightens itself again, excepting the part in contact with 
the stick. Young internodes alone are sensitive, and these are sensitive 
on all sides along their whole length. I made fifteen trials by lightly 
rubbing two or three times with a thin twig several internodes; and in 
about 2 h., but in one case in 3 h., all became bent : they became 
straight again in about 4 h., subsequently. An internode, which was 
rubbed as much as six or seven times with a twig, became just percepti- 
l>ly curved in 1 h. 15 m., and subsequently in 3 h. the curvature in- 
creased much ; the internode became straight again in the course of the 
night I rubbed some internodes one day on one side, and the next day 
on the opposite side or at right angles; and the curvature was always to- 
ward the rubbed side." 

Here, then, is one case in which the sensibility of a stem is manifest, 
and is turned to useful account. The peduncles of the allied Maurandia 
Hmperfiorens are also sensitive and flexuous, although Mr. Darwin insists 
that they are useless for climbing. That some stems should be sensitive 
might have been expected ; for tendrils of axial nature (e. qr. of Passi- 
flora gracilis) are not less sensitive than those of foliar nature, as of Le^ 
guminoscey CucurbitacecB and Cobcea, And if twining stems in general 
are not endowed with "a dull kind of irritability," as Mohl conjectured, 
it may well be because the equally wonderful automatic revolving move- 
ment leaves no need for it In general, the most striking cases of auto- 
matic movement belong to leaves or their homologues. 

The distinction can be only somewhat arbitrarily drawn between Leaf- 
elimbers, — especially those with small or undeveloped leaflets, or where 
the tip of the leaf forms a hook or tendril-like projection, — and Tendril- 
climbers. The tendril, however, whether answering to leaf or stem, is 
Am. Jour. Sci.--Second Series, Vol. XL, No. 119.— Sept., 1865. 
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the more specialised organ, adapted only for climbing, and endowed m 
different plants with very various and some highly remarkable powen. 
To this subject Mr. Darwin has devoted more than half of his efiiay. 
An analysis of it must be deferred, for want of space. 

Kear the close of the essay, under Hook-climbers, Mr. Darwin le- 
marks that : — 

**Even some of the climbing Hoses will ascend the walls of a tall 
house, if covered wHh a trelh's ; how this is effected I know not ; for the 
young shoots of one such Rose, when placed in a pot in a windov, 
bent irregularly toward the light during the day and from it during the 
night, like any other plant ; so that it is not easy to understand how the 
shoots can get under a trellis close to a wall." 

Now we have had occasion to observe that the strong summer-shoots 
of Michigan Rose (Bosa aetigera Mx., M. rabifolia R. Br.), trained on s 
latticed wall, are strongly disposed to push into dark crevices and awaj 
from the light ; they would, many of them, pretty surely place themselves 
under the trellis, and the lateral shoots of the next spring would eroei;ge 
as they seek the light. We suspect this is also true of the Sweet Brier. 

A. 6. 

4. Gradation from ^^ Individual Peculiarities'*^ to Species in Insects,-^ 
The following are the concluding paragraphs of a paper by Dr. B. D. 
Walsh ** On Phytophagic Varieties and Phytophagic Species," The 
name phytophagic is given to those otherwise identical insects which dif- 
fer, as varieties or species, according to the species of plant they feed 
upon. '* When certain unimportant characters in the insect are correlated 
with the food-plant, while at the same time there is no sufficient reason 
to doubt that the two varieties freely intercross," the forms are called j)Ay« 
tophagic varieties. When, from the lack of intermediate forms, intercroie- 
ing may be inferred not to take place, they are called phytophagic spedei. 
Dr. Walsh sums up his conclusions thus : 

" From the facts referred to above and those recorded by me elsewhere, 
we may construct the following almost unbroken series, from the fint 
dawnings of the Phytophagic Variety to the full development of the 
Phytophagic Species. 

Ist. Difference of food, even when the food-plant belongs to widclj 
distinct botanical families, is accompanied by no difference whatever, 
either in the larva, pupa or imago state. — Attacus Cecropia Lin., Bryo- 
campa imperialis Drury, Lachnus Caryce Harris, [Proc, Ent, Soc. Phil 
I, p. 303), and hundreds of other species. 

2nd. Difference of food is accompanied by a marked difference in the 
color of the silk-producing secretions. — Bomhyx Mori Lin., the commoo 
silkworm. 

3rd. Difference of food is accompanied by a tendency toward the ob- 
literation of the normal dark markings in the imago. — Haltica alternala 

iiiig. 

4th. Difference of food is accompanied by marked, but not perfectlj 
constant, colorational differences in the larva, but none whatever in the 
J 9 imago. — Datana Ministra Drury. 

5th. Difference of food is accompanied by a marked and perfectly con- 
stant difference in the size of the imago. — Chrysomela scalaris Lee 
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6th. Difference of food is accompanied by a marked difference in the 
chemical properties of gall-producing secretions, the external characters 
of the ^ 9 imago remaining identical. — Cynips q, spongifica 0. S. and 
C. q, inanis O. S. 

7th. Difference of food is accompanied by a slight, but constant 
change in the coloration of the abdomen of the ^ 9 imago, and by a 
very slight change in the chemical properties of the gall-producing secre- 
tions, the galls of the two insects, though typically somewhat distinct, 
being connected by intermediate grades in the case of the latter. — (7yn- 
ips q, punctata Bassett and C, q, Podagroe Walsh. 

8th. Difference of food is accompanied by one marked and perfectly 
constant colorational difference, and others which are not perfectly con- 
stant, in the larva, but none whatever in the $ 9 imago. — Ifalesidota 
iessellaris Sm. Abb. and H, Antiphola Walsh. 

9th. Difference of food is accompanied by several slight but constant 
structural differences in the $ imago, but none whatever in the 9 im- 
ago. — Clytus jRobinicB Forst. and CL pictus Drury. 

10th. Difference of food is accompanied, by a slight but constant 
structural difference in both J and 9 imago. — 1. Tingis Tilicen, sp. and 
T, amorphce n. sp. 2. (Doubtful.) Diapkeromera femorata Say and D, 
Vein n. sp. 

11th. (Doubtful.) Difference of food is accompanied by very strong 
structural and colorational differences in the larva and in all probability 
by a constant structural difference of generic value in the 9 imago, the 
$ images being to all external appearances identical, and the two insects 
belonging to different genera. — Sphingicampa distigma $ 9 Walsh and 
Dryocampa bicolor $ Harris. 

12th. Difference of food is accompanied by marked and constant dif- 
ferences, either colorational, or structural, or both, in the larva, pupa 
and imago states. — Halesidota tessellaris Sm. Abb. and IT, Caryce Harris, 
and hundreds of species belonging to the same genus and commonly 
considered as distinct species. 

The constitution of the human mind is such, that the same evidence 
carries with it very different degrees of weight, when presented to differ- 
ent intellects. Others will no doubt draw different conclusions from the 
facts catalogued above ; but for my own part, as on the most careful con- 
sideration I am unable to draw any definite line in the above series, and 
to say with certainty that here end the Varieties and here begin the 
Species, I am therefore irresistibly led to believe, that the former gradu- 
ally strengthen and become developed into the latter, and that the dif- 
ference between them is merely one of mode and degree." 

5. Illustrated Catalogue of the Museum of Comparative Zoology at 
Harvard College, No. 1, Ophiuridce and Astrophytidce ; by Theo- 
dore Lyman. 200 pp., large 8vo, with two colored plates. Cambridge, 
1865. — The Museum of Comparative Zoology, under the directorship of 
Professor Agassiz, at Cambridge, has already become a vast collection in 
some departments of zoology, and is on the rapid increase. The idea of 
connecting with a catalogue of the Museum the publication of occasional 
ueraoirs upon the species here gathered, has for some time been in con- 
^mplation, and the firvb number has ju^ been issued with the abov.e 
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title. The style of publication selected for the series is all, as regardi 
paper, type and arrangement, that the eye could desire, and this fini 
memoir, by Mr. Lyman, makes a most excellent beginning of the series. 
The Ophiuridse and related Asterioids have been for some years his special 
department of study. The memoir contains detailed descriptions of the 
species from the shores of North and South America and Greenland, 
that are now in the Museum and also in the collections of the Smith- 
sonian Institution, including in all 105 species, of which 26 are new; 
and it is illustrated by two beautiful colored plates, on which seven of 
the species are represented. It contains also an extended bibliography, 
and a table of the known species of OphiuridsB and Astrophytidse. 

IV. ASTRONOMY AND METEOROLOGY. 

1. Shooting Stars seen at Hinsdale^ Mass,, in August, 1866. — ^The 
following observations were made on the days specified below, the 
"writer's station being at Hinsdale, Mass., about W. long. 73% N. lat. 
42^^. During all the observations the atmosphere was pure and un- 
clouded, but the moonlight interfered with all but the brighter paths. 
The area of observation was centered considerably north of Perseus, hot 
reached generally to Auriga. It was not, however, more than four-fifUis 
of the field ordinarily due to a single observer. 

Aug. 9th. — From 2^ 20'« to 3** 46™ A. m., an interval of l** 25", ten 
meteors were seen, of which nine were closely conformable to a radiant 
centering in A. R. 47°, N. P. D. 33^ 

Aug. 10th. — Between 2*» 25°» a. m. and 3*» 50n», an interval of 1^ 25", 
nineteen meteors were seen, of which all were conformable to a radiant 
centering in A.R. 42°, N. P. D. 34° ; but elongated some 4°, either way, 
across the meridians. 

Aug. 11th and 12th. — The sky was wholly obscured by clouds. 

Aug. 13th. — Between 10** 45'" p. m., and 0^ 45°» of Aug. 13th, an 
interval of 2*^, sixteen meteors were seen, of which twelve were conform- 
able closely to a radiant point in A. R. 62°, N. P. D. 32°. Two-thirds of 
the whole number were seen in the first three quarters of an hour. 

Aug. 14th. — Between O*' 10™ a. m. to 1^ 35ra, an interval of 1^ 25°», 
twenty meteors were seen, generally slow in angular velocity and wholly 
destitute of a regimen to their lines of direction, except that three of the 
earliest and one of the latest conformed to an area of several degrees 
around A. R. 68° N. P. D. 18°. Three of the flights were very long but 
unstable in motion — say 30° of arc traversed in 2^ to 3 seconds of time. 

It seems to be clear from the foregoing that the proper August meteors 
in this instance, appeared as early, at least, as the first morning hours of 
the 9th, and were not discernable later, at least, than 11 p. m. of Aug. 
12th. In other words, the duration of the phenomenon did not exceed 
four days, and probably did not quite cover that duration. 

Notwithstanding the impracticability of observing on the important 
mornings of the llth and 12th, a shifting of the radiants, as above speci- 
fied, was nnnaiistakable. a. c. t. 

2. Shooting Stars seen at New Haven in August^ 1865. — On the 
night of Aug.^-lOth I saw, during half an hour, ending about 2^ A. m., 
tea siiooting stars, about <tv70-t\ivcds oC tli^m. moving from Perseus. The 
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sky was clear, but the bright moon, then two days past the quarter, Terj 
greatly interfered with observation. 

The next night was the one on which the greatest display was looked 
for. A numerous party was ready to watch, but could do nothing be- 
cause of the clouds. 

On the night of the ll-12th, during one hour ending about midnight, 
I saw fourteen. The sky was again clear, but the moon interfered. Not 
more than half radiated from Perseus. But for the light of th« moon 
the number visible on this night, as well as on the night of Aug. 9-lOth, 
would have been no doubt twice as many, probat^y three times as many, 
as were actually visible. 

On the night of Aug. 16-16th, C. Tomlinson, M.D., Messrs. A. Van 
Name, J. Avery, G. L. Woodhull, and A. W. Gates, Col. B. S. Pardee 
and myself, watched from the roof of the New Haven House, during three 
hours, from five minutes past eleven till five minutes past three o'clock. 
All but myself were constantly watching the sky, and saw during the 
first hour 55 meteors, during the second hour 56, and during the third 
hour 61. About half of my time was occupied in keeping the record. 
Of twenty-five seen by me six were not seen by others, so that we saw 
in all 178 meteors, or about one each minute. Besides these, how- 
ever, there were at least seventeen instances in which some one of the 
party thought he saw a shooting star, but was not confident of it. The 
moon rose at 12*> 40™, and from that time the number seen was appar- 
ently diminished a little by its light. A foff which was rising toward 
the end of the watch also interfered. Shortly after two o^clock the fog 
closed entirely over us. 

The special object of the watch was to determine what proportion of 
the meteors visible at one place would be seen by one observer ; in other 
words, by what factor the number seen during any time by one person 
should be multiplied to obtain the whole number visible at the place. 
The conclusion, as derived from this night's work, is that this factor is at 
least 4*5, and cannot safely be assumed as greater than 5. The details 
of the observations, and the discussion, will be given hereafter. 

During the night there was a slight aurora, and just before the moon 
rose there was a bright auroral cloud, or compact cluster of short stream- 
ers in the northeast. It was probably illumined by the moon, as sug- 
gested below by Prof. Twining. h. a. n. 

8. Auroral Phenomena of August 3, 1865. — On the night of August 
2d-dd, there was witnessed at New Haven a display of the Aurora Bo- 
realis, of great brilliancy notwithstanding the light of the moon — then 
nearly full. An intelligent witness states that, just before 11 o'clock 
p. 11. on the 2d, he saw a nebulous column or streamer of white luminos- 
ity, ascending from far down in the east-of-south high up toward a 
point north of the zenith, — and simultaneously with it a similar column 
in the northwest rising toward the same high altitude. The columns 
were but a degree or two broad, and did not, while this witness saw them, 
unite to form a complete arch. When he ceased looking — at about 
a quarter past 11 o'clock — they were undiminished in extent and bright- 
ness. ThepjT w«re said, by others who witnessed the same, to have faded, 
not long after. 
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When the writer first observed Urem, at aboot 1^ 45™ A. m. on the 8d, 
the auroral lights were spread in a continuous and luminous sheet Ofer 
more than half the sky through west, north and east, — ^and southward 
on the meridian to about N. P. D. 70^. This luminous sheet was com- 
posed of streamers in irregular groups, not so dense in nebulosity, nor lo 
great in linear extent, as the writer has often witnessed ; but unusuallj 
abundant, and forming a very stable corona at A.R. 341** N. P.D. 64^^,^ 
this being a little east of the meridian and, as usual, at the maffoetie 
pole or near it. The entire assemblage of streamers down to within Wf 
18^ of the horizon wa^pervaded by a rush upward of auroral waves iot 
constant and quite regular succession. Two to four of these waves migbt 
be seen following one another, but with interrupted courses, up toward 
the corona. Their brightness at the corona was not less than in any 
other part, and I estimated their medium angular motion at about 90^ in 
a second. The streamers were moving from west to east — contrary to the 
usual direction of this movement, and it constitutes the second instance 
only in which the writer remembers to have witnessed such an anom- 
aly. This movement, as naturally suggested by the phenomenon itself 
when first noticed many years ago, is a result of the relative direction of 
electrical currents along the streamers and the like currents of the earth and 
atmosphere. At 2^ 30°^ a cluster 23^ high in the N.E. by E^ was observed 
to have about 2^ a minute of this lateral movement. It was more or less 
rapid in other parts, in obedience to the laws of perspective. 

At 2^ 40°^ A. M. the phenomena had faded, and clouds in extended 
masses obscured the view. These increased until toward the first ap- 
pearance of twilight ; but through the rifts and clear spaces in the N. 
and N.N.W. the bright banks of auroral vapor were still seen at a low 
altitude. Also along the eastern sky there was left a clear belt from the 
horizon upward in which clusters of short streamers were visible, and, 
rarely, a faint auroral wave. 

It had occurred during one of those grand auroral developments which 
the writer witnessed between 1838 and 1848 from his place of residence 
at Middlebury, Vermont, that, in one instance, at a very early morning 
hour, he was viewing an assemblage of enormous streamers which arose 
from the north, when he noticed that an upper segment of each streamer 
became of a rosy hue, very vivid, and extending down to about the same 
altitude in all. This he suspected to be the effect of sunlight striking the 
tops of those streamers at a height of several hundred miles — as it must 
have been at that hour — above the earth^s surface. But, in the great 
number and variety of appearances which solicited notice, he omitted to 
make such memoranda of time, altitude, and positions, as would have en- 
abled him afterwards to test the plausibility of this explanation. There- 
fore the phenomenon has rested without particular notice ; but on the 
morning of the 3d inst. it received a remarkable reiteration, and the wri- 
ter now ventures to commend this particular of observation to others who 
may have opportunity to make it, whether by sunlight or moonlight. It 
not only offers a method of determining approximate heights, but it may 
also determine, in certain respects, the physical properties of the material 
in the Northern Lights which possesses luminosity. At 3^ 30" and 
onward there was, in the vicinitv of Orion and above it, a limited and 
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solitary but distinct cluster of short and yellowish white streamers, in 
about 5^ S. of K, and 1 1^ high. This was earnestly attended to, and, 
at 8^ 40™ — as noticed by feeling the roinute hand of the watch — its 
upper part began to be intensified in color with a speedy progress down- 
ward and northward which disclosed an increased extension in those 
directions, and north of the cluster a considerable extent of fainter stream- 
ers. The yellow had now become not merely intensified suddenly in hue 
but changed in quality, or imagined to be so. What I would specially 
notice is that the color of the faint streamers, although now as bright as 
the aforementioned cluster had been at first, appeared not of the same 
nebulous yellow hut glistening in effect, although far less brilliant than the 
cluster had itself become. Soon the latter turned to a clear but dilute 
red, like the same commonly witnessed in auroras, but which appeared 
now, for the first time, in this. This rosy color propagated itself, as the 
glistening yellow had done before, and soon characterized the whole, and 
•0 continued until the twilight overpowered it. 

The observations of time, altitude and azimuth in this instance are 
not clear enough for exactness, but they give — after allowing for atmos- 
pheric refraction — about fifty miles for the average height of the cluster 
above described. 

This of the 2d-3d inst, was, by reason of its extent, duration and 
completeness, one of the class of grand auroras — although far less bril- 
liant and variegated than several which have been seen at this place since 
1830. In but one instance however — and that one but poorly devel- 
oped — did it embrace any of those fan-like curtains or assemblages of 
streamers which sweep down to a definite altitude, for the time, and 
bavinr a termination so abrupt and so correspondent in all that the sus- 
picion may be allowed (and the suggestion of it pardoned) that this ab- 
rupt development takes place at the definite upper boundary of the at- 
mosphere proper — at the transition, or rebroussement, which it would 
seem must there exists from a lower to the secondary atmosphere, or, if 
that supposition is preferred, to the simply ethereal spaces.^ a. c. t. 

New Haven, Codd., August 8th. 

4. Comparative intensity of the light reflected from the Moon and Ve- 
nus ; by Mr. Chacornac. — On the 20th of June last, at 3^ a.m., the 
Moon and Venus were in conjunction in the latitude of Lyon's, France, 
so that both bodies could be seen in the same field of vision, and use was 
made of the opportunity to compare the light received from them. The 
surfaces taken for comparison were those affording rays at the same an- 
gle of incidence ; and on the Moon, the region was that lying between 
Uie craters Rocca and Eirchstadt, over the very brilliant surface which 
lies to the southeast of Grimaldi. It was found that the light from this 
brightest part of the Moon was only a tenth of that reflected by the sur- 
face of Venus. — Comptes Eend,, Iviii ; Les Mondes, July 20. 

V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 

I. Magnesium, — Magnesium light contains an extraordinary propor- 
tion of ultra-violet or chemical rays, this part of the spectrum between 
the extreme violet and the extreme red being six times as large as usual, 

^ As suggested in this JourasI, xxrii, IQ. 
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and it is particularly efficient for producing fluorescent and photograpbio 
effects. Very remarkable fluorescence may be obtained by exposing to 
the light a paste made of powdered platino-cyanid of barium and gam 
arabic. — Lea Afondes, June 22. 

2. The Rumford Premium, — ^The American Academy of Arts and 
Sciences, at its annual meeting on the 2dd of May last, voted: '^That 
the Rumford Premium [a Gold Medal] be awarded to Professor Daniel 
Treadwell, for improvements in the management of heat, embodied in 
his investigations and inventions relating to the construction of cannon 
of large calibre, and of great strength and endurance." 

3. The Prince Albert MedaL — This gold medal, founded by the Society 
of Arts in honor of the memory of its late President, his Royal High- 
ness Prince Albert, has been given this year to the French Emperor, 
Napoleon, for his encouragement of the arts, manufactures and com- 
merce, his patronage of the fine arts, etc. 

4. Exploration of the Urals, — ^Von Helmersen, of St. Petersburg, has 
been commissioned by the Russian Government to explore the central 
parts of the Urals, with special reference to the discovery of coal, which 
some geologists of distinction have thought to exist there. 

5. Mineral Waters, — Scouteten, in a paper read before the Academy 
of Sciences at Paris in July, endeavors to demonstrate that the medicinal 
value of mineral waters is due mainly to their electrical condition. 

6. Association for the Advancement of Science in France, — ^This asso- 
ciation held an extraordinary session at Marseilles, in May, commencing 
on Friday the 26th, on the occasion of the inauguration of the Obsenra- 
tory there, at which Le Verrier was present. — Les Mondes, June 22. 

7. A Central Meteorological Bureau in Prussia was instituted on the 
1st of May. It will be connected with the principal ports of Pmssii, 
and will make regular announcements of all meteorological phenomena, 
storms, etc., to the bureau. The atmospheric bulletins of the principal 
cities of Europe, containing especially whatever relates to the progress of 
storms, will be placarded in the principal seaports. 

8. Goeppert on the Diamond. — Goeppert has published his essay on 
the organic nature of the diamond. He shows that it cannot be of ig- 
neous origin ; for it turns black when highly heated. Moreover it con- 
tains sometimes, besides other crystals, germs of Fungi, and fibres of 
vegetable structures higher in organization. 

OBITUARY. 

SiLBERMANN, Curator of the Museum of the Conservatoire des Arts et 
Metier, died in July, at Paris, in his fifty-ninth year. 

Dr. Samukl p. Woodward, F.G.S., a member of the Council of the 
Geological Society, died at Heme Bay, on the 11th of July, at the age 
of forty-three. Dr. Woodward was assistant in the department of geol- 
ogy and mineralogy in the British Museum. He is the author of various 
scientific papers, and between the years 1851 and 1856, published his 
excellent work "A Manual of Recent and Fossil Shells." 

Sir John William Lubbock, Bart., died in Kent in June last, in his 
sixty-third year. He was one of the Vice Presidents of the Royal Society. 

Sir William J. Hooker, the eminent botanist, died in August. 
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VI. MISCELLANEOtrS BIBLIOGRAPHY. 

1. A treatise on the Assaying of Lead^ Copper, Silver, Gold and Met- 
tury from the German of Bodemann and Kerl, translated by W. A. 
GooDTSAR, Ph.B. 12 mo, pp. 214, with plates; published for the Ber- 
selios Trust Associatiou, by John Wiley <fe Son. New York, 1865. — 
BoDEMANN^s Anleitung zur Berg- und Huiien-mdnnischen Probicrkunst, 
the 2nd edition edited by Bruno Kerl, is well known as a work on 
assaying, which for accuracy of statement and fullness of detail is unsur- 
passed if not unequaled. The present translation of a most important 
part of this book is a very welcome addition to the literature of assay- 
ing in the English language. Assayers, who have heretofore been con- 
fined to the vagaries of Mitchell, as well as of most other English and 
American works on this subject, will take great satisfaction in studying 
the clear exposition of the theory of the processes, and the careful di- 
rections for the practical operations in assaying given in this book. Mr. 
Goodyear has endeavored to adhere strictly to the text in making his 
translation, and we think in some instances he has sacrificed clearness, 
and even accuracy, in too closely holding to the German idiom ; but, not- 
withstanding, the translator deserves the thanks of chemists and assayers 
for this contribution to Laboratory literature. The book is published by 
the Berzelius Trust Association, a society of students connected with the 
ShejQSeld Scientific School of Yale College. g. j. b. 

2. The Declaration of Students of the Natural and Physical Sciences, 
80 pp., 8vo. — This pamphlet, issued recently in England, contains a 
declaration of regret that science is sometimes misused for throwing 
doubts upon the "truth and authenticity of the Holy Scriptures," fol- 
lowed by more than seven hundred signatures. Its object is excellent, 
and it is gratifying to find the names of such men as Sir David Brewster, 
Sir John Richardson and J. H. Balfour in the long catalogue. Yet the 
pamphlet is not satisfactory, because we are sure that there are large 
numbers of men of science in Great Britain, equally confident of the 
truth of the Bible, whose names are not included. They have objected 
to giving their names, as English journals have intimated, because there 
was something of reproach implied against others, who, they knew, 
whatever their views respecting the Bible, were honest searchers for 
truth ; and because also, as they thought, this division of men of sci- 
ence into seemingly hostile ranks was calculated to operate against that 
independence in investigation which is essential to real progress in science. 

For ourselves we regard such eflforts to sustain the Bible unnecessary. 
They may give courage to some wavering minds. But, on the other 
hand, they exhibit a fear of men which is unbecoming, and which, at 
the same time, is injurious to the cause they would sustain. We would 
rather speed on investigators of nature, in their various lines of research, 
feeling confident that whatever error be now mingled with the truth will 
thereby be the sooner eliminated ; and that when thus eliminated. Na- 
ture and the Bible will manifest all the more convincingly their oneness 
of authorship. 

3. Smithsonian Report for 1863. — This volume contains, in addition 
to the Report on the operations, expenditures and condition of the Smith- 

Am. Joub. Sol— Second Sebiss, Vol. XL, No. 119.— Seft.^ 1865. 
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sonian iDstitution for 1863, and tlie Report of the Assistant Secretarj 
on the Museum, the. following important papers i — 

Lectures on the Principles of Linguistic Science, by Prof. W. D, 
Whitney. 

Memoir of C. F. Beautemps-Beaupr6, by M. Elie de Beaumont 

Origin and History of the Royal Society of London, prepared by C. 
A. Alexander. 

Modern Theory of Chemical Types,- by Dr. Charles M. Wetherill. 

Researches on the Phenomena which Accompany the Propagation of 
Electricity in Highly RarelSed Elastic Fluids, by Prof. A. de la Rive. 

Report on the Proceedings of the Society of Physics and Natural His- 
tory of Geneva, from July, 1862, to Jhine 1863, by Prof. Marcet. 

Experimental and Theoretical Researches on the Figures of Equilibri- 
um of a Liquid Mass withdrawn from the Action of Gravity,- Ac, by 
Prof. J. Plateau, (39 wood-cuts). 

History of Discovery Relative to Magnetism. 

Recent Researches Relative to the Nebulae, by Prof. G=autidr. 

Figure of the Earth, by Sr. Miguel Merino. 

Aeronautic Voyages performed with a view to the advancetneiH of 
Science, by Francis Arago. 

Account of Balloon Ascensions, by James Glashier. 

Account of the Aboriginal Inhabitants of the Californian Peninsnkr' 
by Baegert, translated by Prof. C. Rau. 

Ethnology, — Account of Kjoekken-Moedding in N6va Scotia, by J. M. 
Jones, of Halifax ; Abstract of the Fifth Report of Dr. Keller on Lacus- 
trian Settlements, by A. Morlot ; Agricultural Implements of the North 
American Stone Period, by Charles Rau, (2 wood-cuts) ; Account of An- 
cient Fort and Burial Ground in Tompkins county. New York, by David 
Trowbridge; Account of Ancient Town in Minnesota, by O. H. Kelley;* 
Account of Ancient Relics found in Missouri,- by J. W. Foster ; Account 
of a Mound in East Tennessee, by A. F. Danilsen. 

Purple and Azure Dyeing, Ancient and Modern, translated from Am 
der Naiur. 

Method of Preserving Lepidoptera, by Titian R. Peale, (4 wood-cuts): 

Account of a Remarkable Accumulation of Bats, by M. Figanierre e 
Morago, Portuguese Minister to the United States. 

Tables of Weights and Measures. 

4. Quartz Operators^ Hand-Booh. Wheeler <fe Randall, San Fran- 
cisco, 1865. 16mo. pp. 130. — ^This little manual is intended to give 
an outline of the various mechanical and chemical methods in use for 
treatment of gold and silver ores, especially those adopted in Califo^ 
nia and Nevada. In the space of forty small pages the authors treat 
of the blowpipe, chemical tests, the dry and humid assay, wasting/ 
treatment of gold quartz by pan process, extraction of gold by chlori- 
nation (Plattner's method), extraction of gold by the Freiberg pro- 
cess, the platinum process — cupellation^ Augustin process and Zie^ 
YogePs process, besides the patio. Patera, Yeatch^s and the pan processetr 
for silver ores. This extreme brevity renders the first portion of the 
book of little value to any class of readers. The mechanical rules and 
formulae, which fill much the larger part of the Hand Book^ will be found 
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Yisefiil to afll mill ipen aud others concerned in the management of mining 
machinery. Mr. Wheeler is well known in California as a successfvil mill- 
wright and the inventor of the **Pan," or grinder, which bears his name, 
80 generally used in gold and silver reduction works. Mr. Randall has 
modified this invention by moulding ^its grinding surfaces in the form of 
the tractory conoid. His mathematical discussion of the traqtory and 
differently formed grinding surfaces given to plates in pans of various 
najnes, is original and ingenious. The practical result claimed by the 
author for his own system is expressed in the following recapitulation : — 

Tractory conoidal plates of uniform hardness ;^l-7778. 

Conical plates of uniform hardness == 1*104 2. 

Plain circular plates of uniform hardness =*9877. 

Randall's patent grinding plates c=l-l752. 

,5. The Scientific Review and Journal of the Inventor^s institute, 
No. 5, July 1, 1865 ; 16. pp. sm. fol. Cassell, Pelter & Galpin, Ludgate 
Hill, London. Price 6d, stamped 7d. — A paper devoted mainly to prac- 
tical science, but containing occasional articles ,pn general principles in 
chemistry, physics and art. 

.6. <jE8ner; Coal Oils, (Bailliere, 1865). — This is a new edition of a 
work noticed in a previous number of this Journal, and contains many 
interesting details respecting the remart^able development of the Petro- 
leum industry in the United Sjtates. 

7. 7!ours of a Chess Knight, by S. S. Haldeman ; Philadelphia, E. 
H. JJ^utler <fe Co., 1864, 16mo., 90 pp., 1.14 figures; also Bibliography of 
the Chess Knight's Tour, (same ai^thor and publishers), 4^ pp. — This little 
book treats of a problem, not so much of Chess as of the Geometry of 
position. The Chess Knight is required, without or with other condi- 
tions, to pass over the sixty-four squares of the chess board in succession. 
Euler thought the problem worthy of an Academic memoir of 27 quarto 
pages, and De Jeai^sch ^ in his Traite des Applications de X* Analyse Math- 
ematique au Jeu.des Echecs (2 vols. 8vo.) has devoted to it all of the 
second volume and part of the ^rst. The bibliography wiiich forms the 
second part of the present work has over si^tty references. 

Essay on the Tr^es and Shrubs of the Ancients, being the substance of four lec- 
tures delivered befpre the University of Qxford, intended to be supplementary to 
those on Roman Husbandry; by 0. Dau;bkny, M.D., F.R.S., Prof. Bot. etc., Oxford. 
London. (J. H. <fr if. Parker.) 

The Natural History of the Precious Stones and of the Precious Metals, by C. 
W. Kino, M.A., author of " Antic^^ue Gems," etc. 1865. London. (Bell <fe Daldy.J 

Saturn and its System, containing Discussions of the Motions (real and apparent) 
and telescopic appearance of the planet Saturn, its Satellites and Rings, etc., etc; 
by Richard A. Proctor, B.A. Illustrated by 14 engravings on steel and copper. 
London. (Longmap's.) 

Pre-historic Times, as illustrated by Ancient Remains, and the Manners and Cus- 
toms of Modem Savages : by Jqh.v Lubbock, F.R.S. London. (Williams & Norgate.) 

Lake-habitations and prehistoric Remains in the Turbaries and Marl-beds of 
Northern and Central Italy ; by Bartolo^ceo Gastaldi. Translated frorn the Italian, 
and edited by C H. Chambers. Londop. 1866. (Longman & Co.) 

Ice-Caves of France and Switzerland, a narrative of Subterranean E^zploration ; 
by Rev. G. F. Browne. London. 1865. (Longmt^n <fc Co.) 

The Anthropological Treatises of J. F. Blumenbach, with l^emoirs qf .him by 
Marx <fe Flourens. and nn account of his Anthropological Museum by Prof. K. 
Wagnsb ; and the Inaugural Dissertation of John Hunter, M.D., on the Varieties of 
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Man. Translated and edited by Thoxas Bbndtshx, M^ London. 1S6S. .(PbIi- 
lished for the Anthropological Society by Longman A Go.) 

Catalogus systematicus Dipterorum Europse ; von Dr. J. ScHnrxR. Published in' a 
email edition by the zoologisch-botanischen Gesellschaft of Vienna. Price 1 fL 20kr. 
Also, by the same Society, Nouveau Syst^me des Blattaires, by Charles BruDner, 
with 13 copper plates, will soon be published. 

L*Etudiant micrographe : Traits tbSorique et pratique du Microscope et des yti- 

Earations ; par AsTHua Chevalier. With 200 figures in the text, and plates of 800 
ifusoria. 2nd ed., containing applications on the study of normal and pathological 
histology, by G. Pouchxt; on microscopic botanj, by VamHjeubk; on Diatoms, bj 
A. de Brebisson. Paris. 1865. (Adnen Delidiaye.) 

Les metauz pr^cieuz coosid^r^s au point de vue economique, par M. Roswaq; 
400 pp., with 28 figures in the text and 1j6 colored plates. Paris. (Eugene Lacroiz). 
Dedicated to Quintino Sella, Mining Engineer and Minister of Finances in Italy. 

Guide pratique d'Entomologie Agricole ; par M. H. Gobin. Paris. (Eugene 
Lacroix.) 

Yerhandlungen der k. k. zoologischen-botanischen Gesellschaft in Wien. Tha 
14th volume of this publication of the Zoologico-botaoical Society of Vienna xru 
issued in 1864. It contains numerous zoological and botanical papers, and 20 cop- 
per plates, mostly colored, and covers 920 pp. 8vo. Among the longer papers are 
a systematized list of the species of Lepidoptera, including all described species, bj 
0. <fr R. FxLDER ; a review of the names of fossils and living species of the genus 
Paludina Lam^ by Georq Ritter von Frauenfeld ; a synonymic synopsis of tbe 
Phryganidse by H. Haten ; Batrachological contributions by Dr. Franz Stkimsacb- 
NXR. There are also various miscellaneous zoological papers by Dr. Frauknrld; 
one on the Cecidomyia destructor (wheat insect) of Say, by Prof. Habkrlandt; a 
new system of the Diptera, by Dr. J. R. Schinbr ; and many others of interest, 
botanical as well as zoological. 

Annals of the Ltokum Nat. Hist, of New York. Vol. VIII. Nos. 2, 8. 1861. 
— p. 4, Descriptions of New Species of Birds of the Families TanagridsB, Cuenlida 
and Trochilidffi with a Note on Panterpe insignis ; G. N. Lawrence. — p. 46, San> 
mary of a Meteorological Register for the year 1863 kept in the City of New 
York ; Prof. 0. W. Morris. — p. 50^ On Ammobroma, a New Genus of Plants, 
allied to Corallophyllum and Pholisma ; J. Torrey. — p. 6*7, Notes on Species of the 
Family Corbiculadse with Figures ; T. Prime. — p. 92, Catalogue of Birds collected 
at the Island of Sombrero, W. I., with observations by A. A. Julien ; G. N. Law- 
rence. 

Proceedings of the Amer. Phil. Soo.., Vol. X, No. *73. — Page 18, Radical signifi- 
cance of Numerals ; P. E. Chase.^^p. 24, Heights of Auroras ; B. V. Marsh.— ^. 29, 
New Gold Crushing Macliinery ; R. Bri^s.'-^^. 80, On some Indian Hieroglyphics 
at Safe Harbor; 8. C Porter. — p. 82, Relative Levels of Coal and Oil Regions; P. 
W. Sheafer. — p. 88, Petroleum of Kentucky, and Records of Borings in Pennsyl- 
vania ; J. P. Lesley.-^p. 69, A short Vocabulary of Well-established CoptoEgyp- 
tian Words for Convenient Use ; P. JE. Chase. — p. 97, Relations of the Magnetic 
Declination to Gravity; P. E. Chase.— p. 108, Effects of the late Tornado; J.C. 
Cresson. — p. 109, Venango County Oil Region; B. Briggs. — p. 110, Popular £&Ila* 
des respecting Petroleum ; J. P. Lesley. — p. Ill, Relations of Gravity to the Ver- 
tical Inflection of the Magnetic Needle; P. E. Chase. — p. 121, Obituary Notice of 
Dr. Franklin Bache; G<eo. B. Wood^ M.D.— p- 137, On the Mythical Compounds of 
Bar ; J, P, Lesley. 

Proceedings of the Entomolog. Soo. Philadelphia, Vol. IV, No. 8, (condudlog 
part of .the volume). — p^ 38J, Contributions io the Natural History of the Cyni- 
pidse of the United States, and of their Galls ; R. 0. Sacken. — p. 381 , Descriptions 
of several new species of North American Coleoptera; J,lt.B.Bland.--p.Z%b, 
Descriptions of some new species of Mutilla from California ; E. T. Cresson. — ^p. .890^ 
Notes on Papilio asterias and Satumia Promethea hermaphrodites ; W.. ff- Ed- 
wards.-^lt. 891, Compiled descriptions of North American Staphylinidse ; J. H.B. 
Bland. — p. 421, Catalogue of Hymenoptera in tlie Collection of the Entomological 
Society of Philadelphia, from Colorado Territory (continuation); E. T. Cressonj^ 
p. 489, L^idopterological .Notes and Descriptions, No. 1 ; A. R. JQxQte jk G, 8, 
Robinson. 
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KT. XXX. — On the Origin of Prairies; by James D. Dana. 

'.N the articles on the Origin of Prairies recently commnni- 
ed to this Journal by Prof. Winchell and Mr. Lesquereux,* 
jsenting independent theories, the view that this origin is in 

See for Prof. WinchelVs paper, xxxviii, p. 832, and for Mr. Lesquereux's, zzxix, 
, and xl, 23. Prof. Winchell supposes that the soil of the prairies is of lacus- 
e origin, produced during an epoch of a vast inland fresh-water sea following 

glacial epoch ; and that in the silt or " slime" of such a sea all pre-existing 
d would disappear, so that the vegetation that would spring up over the recov- 
i land would be only that which seeds transported from distant regions would 
ird, and that this " was more likely to be herbaceous than arboreal.'* 
dr. Lesquereux holds that the prairie land was recovered from the borders of 
es, rivers, and seas, (fresh or salt), by a process like that exemplified now on the 
ders of Lake Michigan and the Mississippi, Minnesota and other rivers, in which 

region becomes, to a great extent, first a flat of shallow waters, and then a 
"sh or bog, and that such soil, or mould, owing to the nature of the moss, Con- 
as, Characeie, etc., which grow in stagnant waters and contribute to it, becomes 
;, as a matter of course, covered with sedges and grass. This resulting mould, 
observes ou p. 318, partakes "as much of the nature of peat as of that of true 
us ; " it is " impregnated with a large proportion of ulmic acid, produced by the 
' decomposition, mostly under water, of aquatic plants ; " and " the acid of this 

by its particularly antiseptic properties, promotes the growth of a group of 
ts mostly herbaceous," while the want of a free access of oxygen is unfavor- 

to trees. He adds, *< of all the trees, the tamarac is the only species which, in 
northern climate, can grow on a peaty ground." 

bis explanation is stated to cover almost all cases of natural prairies, — those 
tween the base of the Kocky Mountains and the Mississippi," the ** Platas of 
Paraguay and Madeyra," the " Pampas of Brazil," ** the desert plains of the 
tern salt lakes ;'' while in " the natural meadows of Holland," " the plains on 
shores of the North Bea and the Baltic," "the vast steppes of the Caspian," 
etc., there are " the same appearances, and the same results of a general iden- 

action, modified only by local and mostly climatic circumstances." 

£» JouB. Sol— Sbcond Sesibs, Vol. XL, No. 120.— Nov., 1866. 
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any way due to the dryness of the climate is unnoticed except 

' with the endeavor to set it aside. 

The writer, in his Manual of Geology, makes, on the coa. 
trary, the degree of moisture the most influential of all causes 
that tend to determine either the presence of forests or ahsence 
of prairies. This idea, although not claimed as original with 
him,' is the result in his mind of original observations made in 
various parts of the world ; and he proposes briefly to state some 
of the facts in its favor which he has noticed. 

On arriving, in 1839, off the north side of the island of Tahiti, 
one of the first of the Pacific islands visited by the Exploring 
Expedition under Capt. Wilkes, it was a matter of much sur- 
prise that the land, so famed for its tropical fertility and beauty, 
was bare of trees over the lower ten or fifteen hundred feet of 
its slopes, the forest trees being confined — the valleys excepted— 
to regions above this limit. The explanation was at once 8ug« 
gested — that the bare backs forming the sloping surface that lay ■ 
between the valleys were too dry for trees, in contrast with the 
region higher up, which was one of very frequent clouds, mists 
and rains. The existence of forests in the valleys stretching 
down below the limit accorded with the explanation; for there 
the declivities were dripping with moisture coming out from be- 
tween the nearly horizontal layers of the rocks, besides being 
the courses of many streamlets from the moister region above, 
and the route of all its rills. Observations afterwards made 
on the ascent of one of the lofty summits of the island, and on 
other excursions, confirmed this inference. Over the bare slopes 
there were no marshy areas; and there was positive proof in 
the structure of the island, the dip of the rocks beneath being 
always seaward, and in the nature of the surface, that there 
never had been such areas ; while on the upper slopes, where 
moisture was abundant, and the ground often boggy, trees were 
of luxuriant growth. 

Similar facts were observed on other Pacific Islands. One of 
them, Upolu, of the Navigator group, " was covered through- 
out with forests ; or rather it was one dense forest from the ex- 
treme east to the west end, and from the water's edge to the very 
summit of the most rugged peaks. The natives had spread 
their cocoanut groves and bread fruit trees along the snores, 
but in many places the line of forests remained yet unbroken. 
Shrubbery and sugar cane covered some parts o^ the lower de- 
clivities, but there was nowhere a spot oi pasture land." Par- 
allel with this condition "the island is in general well-watered. 

' Among authors -who have advocated this view, Professor Guyot may here be 
mentioned ; and since the preparation of this paper, the writer has learned that 
this eminent physical geographer has in hand a memoir on the connection between 
the distribution of forests over the world and that of moisture and the causes of the 
latter. 
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There is scarcely a day without low and heavy clouds about the 
summits of the mountains. Many streams of moderate size flow * 
down both sides of the island to the sea, and numerous fountains 
gush out along the shores.' 

Again at the Feejee Islands "luxuriant forests cover the ele- 
vated parts of the ridges where the frequent raifis and more fre- 
quent mists and clouds afford them the necessary moisture," 
while lower down, "the slopes, especially to leeward, are cov- 
ered with grass ; " " the forest vegetation descends lower on the 
eastern declivities because they are well supplied with moisture 
from the trade winds — the rain of the southeastern side of Viti 
Lebu at least trebling that of the opposite side."* 

The rocks at the Navigators and the Feejees are of volcanic 
or igneous origin, like those of Tahiti, and similar to the latter 
in composition and structure. 

On the western coast of America the distribution of trees was 
found to sustain the same view, as the writer has already ex- 

Elained in this Journal.* Oregon, along th^ sea- border, over a 
readth of 15 to 25 miles, is mostly covered with forests made 
up of large evergreens, some of the trees being 800 feet in 
height and 50 in girt; and the heavy sea-mists extend inland for 
about the same distance, covering the land the greater part of 
the time, even through the period of the summer droughts. 
And on the ascent of the Columbia, there is usually in summer 
a sudden transition from the mist region to that of clear brazen 
skies. Residing, in July 1841, at Astoria, within 20 miles of 
the mouth of the river, for three weeks we had hardly one day 
clear throughout ; and for the following month, at Fort Van- 
couver, 100 miles from its mouth, we hardly saw a cloud the 
whole time, and the lofty peaks of St. Helen's and Hood were 
generally without a cloud to their very top, indicating the dry- 
ness of the climate over this interior region. 

Beyond the forest border of Oregon, to the eastward, the 
plains and rolling hills, as those of the Willammet region, are 
bare of trees, excepting a sparse scattering of oaks, and lines of 
trees on the borders of the rivers, and along the slope between 
the upper and lower alluvial flat or terrace. But the higher 
hills, above one or two thousand feet in elevation, are largely 
forest-covered; for these, owing to their height and coolness, 
condense some of the moisture remaining in the sea-winds, and 
have, compared with the plains below, a moist soil, and the 
moisture which falls naturally descends along the surface. Far- 
ther east, beyond the Cascade Range of mountains, the dryness 
of the climate is more extreme, and the forests fail altogether 

* Exploring Expedition Geological Report by the Author. (4to. 1849), p. 314. 

* Same Report, pp. 839, 840. 

* For details see same Report, and also this Journal, [2], vii, 887-894, 1849. 
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except on the high mountalDS ; and at a point on the Oolambia 
river, about 250 miles from its mouth, there is the " last tree" 
on its banks — the region beyond being seemingly too dry even 
for the growth of the usual river-bank line of cotton wood. 

Thus the fact of a connection between the prevalence of 
moisture and forests, or of dryness and prairies, seemed to the 
writer most evident ; and it appeared to be a causal connection. 

To the southward, in the Sacramento region, and along the 
coast, a similar system of facts was, later, observed. The dry- 
ness of the climate, as is well known, increases southward; the 
average annual amount of rain along the coast of Oregon is 50 to 
60 inches ; at San Francisco, California, according to Gibbons, but 
22 inches; and farther south on the coast, at the beginning of 
the California peninsula, but 10 inches. So the forest region of 
the sea-border narrows southward, failing on the lower lands 
before reaching San Francisco, and only to be found on the 
higher hills and mountains where cold and elevation aecore 
moisture from the passing winds ; and in the peninsula of Lower 
California, the mountains even are bare. 

In the latitude of San Francisco, and farther south, the Sierra 
Nevada is generally bare below a line three to four thousand 
feet above the sea, except in the valleys ; above this line there 
are nearly unbroken forests ; and it is stated that 50 to 75 per 
cent more of rain falls on these mountains than on the Sacra- 
mento prairie plains at their western foot. The eastern slope of 
the Sierra is much drier than the western ; and although forests 
extend nearly to the same line, they are less dense and consist 
of smaller trees. 

The forests, as has been said, reach far down many of the 
valleys; for the stratification of the rocks leads often to an 
oozing out of subterranean waters; and sometimes these forests 
stretch out over the plains below, or form isolated patches in 
them. The Sacramento plains, which are a score or more of 
miles in width, are ordinarily covered with grass in scattered 
tufts, like those of the Willammet, and have in some parts sim- 
ilar " oak-openings." But in one spot, near Feather River, we 
observed ahead, with some surprise, a thickly-planted grove of 
oaks. The surprise was removed, on reaching the spot, by 
finding that the soil below was for some reason quite moist; 
sufficient to make the grass of the region green, although over 
the rest of the plain it was then (in November) as dry, and to 
all appearances as dead, as hay. As the moisture gradually di- 
minished around the borders of the area, the trees were corres- 
pondingly more and more widely spaced, and the grass shaded 
off into the prevailing hay-color. 

Other personal observations made abroad might here be men- 
tioned. But we may pass to some well known fects nearer 
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home which equally sustain the view that forests belong to 
moist climates, and prairies to those that are comparatively dry. 

As America is the moist continent, and correspondingly the 
forest continent of the globe, as styled by Guyot, so North 
America itself graduates from forest to prairie land, or the re- 
verse, in parallelism with the variations in moisture. In the 
United States forests originally prevailed with almost unbroken 
continuity over the parts which receive the greatest amount of 
rain with the least amount of evaporation, and prairies or semi- 
deserts where the amount is small. Over the eastern portion of 
the continent, from the Gulf states to Labrador, including the 
most of New England and New York, the Atlantic states, and 
all of Tennessee and Kentuckv, the annual fall of rain is 40 to 45 
inches or more; while in Michigan, the state which has afforded 
many of the facts appealed to by both Professor Winchell and Mr, 
Lesquereux, it is only 30 inches;" in a large part of Ohio, Indiana 
and Illinois, and in New York toward the St. Lawrence, it is 33 
to 40 ; and beyond the Mississippi west of Kansas and Iowa, it is 
25 to 16, and even 10 inches. Parallel with the increase of dry- 
ness, as all know, there is an increase in the dominance of prairie 
land; and the prairies, where the dryness is most extreme, grad- 
uate into semi-deserts. Such facts seem surely to prove that 
natural prairies have some kind of relation to dryness of climate, 
and that moisture has as much to do with the prevalence of 
forests. 

Over the moister region of New York, and much of New 
England and other poFtions of the country, it is common to find 
not only the hills and upper alluvial plains (or upper terraces of 
the valleys) covered with forests, where they are still in a state 
of nature, but even the lower flats bordering the rivers. The 
writer spent his early life at Utica, N. Y., in the Mohawk valley ; 
and facts sustaining this remark are well exhibited all along 
that region. Forests still cover some parts of the lower flats, 
although they have been mostly cut away for purposes of culti- 
vation; and they continue north and south over the upper ter- 
races and on over the high hills. The writer was through the 
valley the past summer, and observed forest patches on the 
lower flats (or, where the forests are gone, the old stumps,) at 
several places between Utica and Herkimer, over the Herkimer 
flats, between Herkimer and Little Falls, between Little Falls 
and Johnsville, and also east of Johnsville. These forest 
patches have generally been left where they occur because these 
places were too moist or swampy for cultivation, or required 
more draining than the value of the land seemed to warrant. 

West of Utica, near Oriskany, there are large bogs which are 
so wet the year around that they are hardly penetrable unless 

* See Blodget's Rain Chart, Army Meteorological Register. 4to, 1865. 
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when frozen over in winter; and still they are covered with 
forests. 

The soil of these lower flats is often the finest of silt, such as 
naturally belongs to bogs and lakes ; and varies from this on 
one side to peat, and on the other to sandy loam ; and that of 
the upper terraces and hills varies from sandy loam to gravel 
and the coarsest and hardest of drift-material. Yet all these 
different kinds of soil are covered alike with forests. There are 
small lakes or ponds with their borders of rushes and sedge, 
swamps, peat bogs, and river bottoms, like those described by 
Mr. Lesquereux; but none of the swamps, peat bogs and river 
bottoms, with small exceptiorls, have become, or show a tend- 
ency to become prairies by natural change, however acid or 
unfavorable for trees the soil may be. The passage is in general 
from swamp to forest instead of from swamp to prairie. 

Dr. Asa Gray, in a recent letter to the writer dated Sauquoit^ 
N. Y., which is in the vicinity of the Mohawk Valley, observes 
that in the transformation of the bogs of that region (which in 
part have rush-bordered lakes at centre) to forest land, the tree 
that in his observation comes farthest out into the bog is uni- 
formly the Larch, young trees growing on very shaky treacher- 
ous bog; but that, according to J. A. Paine, Jr., an able bot- 
anist of Utica, in the North Woods Black Spruce extends out 
as far as the larch. The next tree to the larch, and not &r 
behind it, is the Arbor-vitce, (Thuja occiden talis) ; the next Black 
Ash; the next Red Maple, (Acer rubrum); then, as it grows 
drier. Birch; then Elm, (Ulmus Americana). Alder, which 
runs out on the bog almost as far as the larch, is not here 
counted, it being regarded as a shrub. The " Cedar " (Arbor- 
vitae) swamps, which are the remnants of the very extensive 
ones of Parishhill and Sangerfield, and from whicn the cedar 
has been cut out, and which are gradually drying, are already 
becoming filled with black ash, with a sprinkling of red maple, 
and especially of elm. 

The great lake regions of Maine afford facts of similar import. 
I cite the following from observations made the last summer, at 
the suggestion of the writer, by Prof A. E. Verrill, of Norway 
in Maine, (now of Yale College), and communicated by him 
(from Westport, N". Y., on Lake Champlain,) for this article: 

" The points which I had in view in my observations were the following: 
1st, the succession of vegetation as a lake changes to a swamp, and then 
to dry land ; 2nd, when swamps become permanently flooded what 
changes occur in the vegetation ; 3d, when lakes or swamps are drained 
what effects are produced ; 4th, whether natural meadows are ever pro- 
duced in our climate, and under what circumstances will grass or trees 
flourish best. 

There are in Maine abundant opportunities for studying almost everj 
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change which can occur indopendent of climate in the vegetation of the 
lake margins, swamps, and meadows, both recent and ancient. 

Near Norway I found a lake, one part of which has been gradually 
changing to a bog, and presenting all gradations from the onen lake to a 
comparatively dry swamp. Approaching the bog, the water becomes 
shoal and the bottom is composed of black, soft vegetable mud of great 
depth, the surface of the mud supporting a variety of aquatic plants in 
patches. In still shoaler water clumps of sedges and rushes appear col- 
lecting around old stumps, driftwood, &c., and at the same point there 
are spots where various Ericaceous shrubs (such as Andromeda polifolia, 
Kalmia glauca, Cassandra calyculata, Ledum palustre, &c.). with the 
Alder (AInus incana) begin to form dense patches of shrubbery bog- 
land. Back of this these patches begin to blend, and other species are 
added to the shrubs, while the drift logs, <fec., give support to an abund- 
ance of sphagnum and herbaceous plants, and now trees of Arbor-vitse 
and Swamp-ash begin to find support, first taking root apparently on the 
old logs overgrown with vegetation and covered with mould, but the roots 
extend downward into the soft mud and water. Both these trees will 
grow where their roots, and even the bases of their trunks, are continually 
bathed in water. Farther back in the swamp these two trees become 
larger and more dense, and are mixed with fir, alder, larch, and an oc- 
casional white-pine and hemlock; the latter, however, only becomes 
common upon the drier borders of the swamp. The red maple also often 
grows in these swamps, in the firmer spots. Many other shrubs also oc- 
cur, such as Rhodora Canadensis, Kalmia angustifolia, Yaccinum (several 
species), Myrica Gale, &c. The entire assemblage constitutes a dense 
forest with thick underbrush. Some of the Arbor-vitae grow to a diam- 
eter of three feet, and the Ash to 16 or 18 inches, in the wettest parts. 

The final condition of this kind of swamp may be seen in another 
pldbe a few miles distant, where an extensive meadow has been formed by 
clearing a portion of such a swamp in a farther advanced stage, and par- 
tially draining it This has been cleared about fifty years. It was form- 
erly covered by a forest similar to that described, and some portions still 
remain in the original- condition. Other parts that have been neglected 
have grown up to thickets of alder, white birch, American aspen, and 
other trees. The grassy portion covers 300 acres, or more, and in many 
parts is still quite wet and soft. The soil is composed of peat and muck 
which in many places has been penetrated to the depth of 6 or 8 feet, 
and is doubtless deeper in some parts. On some patches of low clayey 
soil, originally islands or low points of land, there are dense thickets of 
larch. 

In the same region there is another extensive meadow surrounded by 
high, well defined banks of drifl material, often terraced, and forming 
apparently the bottom of an ancient lake at the close of the Drifl period 
The lower parts of this basin are occupied by extensive swamps, similar 
to those already described, while other parts, composed of sandy soil and 
somewhat higher, were originally covered with a heavy forest of Pine. 
There is no evidence that grass ever grew upon any part of it until 
cleared by man. 

I have observed some cases where lands have been flowed by means of 
dams at the outlets of lakes. In these cases, those trees, even of swamp- 



300 /. D. Dana on the Origin of Prairies. 

ash and arbor-vitae, which have their trunks submerged to the depth of 
two or three feet are invariably killed after some time. 

1 have met with but two cases of lakes recently drained. In one of 
these, a heavy crop of grass was produced the first year, chiefly of " Uue- 
joint," if I remember rightly, but in subsequent years the lake bottom 
grew up with great rapidity to a thicket of alder, willow, poplar, drc. 

In the other case, coarse grass, sedges and other herbaceous plants pre- 
vailed for a year or two but very soon gave place to a rank growth of 
various forest trees, including alder, white birch, willow, poplar, red 
maple, <fec. — the alder and willow growing most rapidly. I have no 
reason for supposing that the trees did not vegetate the first year; they 
became conspicuous as they grew higher than the grass and other herba- 
ceous plants. 

All of the phenomena observed in Maine also appear in this region. 

On the coast of Labrador, and especially at Anticosti, very extensive 
peat-bogs occur under similar circumstances. On the southeastern side 
of Anticosti there is a bog bordering the coast for 70 or 80 miles, and 
often 7 or 8 miles wide, composed of peat of considerable thickness where 
exposed by the encroachment of the sea. In the midst of these bogs 
there are often small lakes or pools of stagnant water. The surface of 
the bogs or heaths is covered thickly by sphagnum and by a variety oi 
Ericaceous shrbbs. Vaccinum, (several species), Kalmia, Rhodora, Le- 
dum, Rubus, Chamaemorus, <Scc., abound. Occasionally in the shallow 
pools and in wet depressions there are patches of sedges and coarse 
grasses ; but dense clumps of alder, larch and other trees occur scattered 
over the surface, while immediately about the shores of the lakes there 
are usually dense thickets of these trees mingled with some spruce and 
white-birch (canoe birch). The last two trees form the chief part of 
the forests away from the bogs. In no case have I observed patches of 
grassy land occurring naturally of any considerable extent away from 
the immediate sea-shore. But the coast of Anticosti is everywhere 
fringed by a belt of coarse grass, (Elymus mollis, <fec.,) mingled widi 
various flowering plants. This belt sometimes widens into large patches 
at the mouths of streams. 

The smaller low islands that are occasionally swept by the spray, usu- 
ally support a dense growth of the same grasses and herbs, but the 
higher islands, as well as those of larger size, are covered by thickets of 
spruce, fir, larch and birch. 

From these facts you can draw whatever conclusion you may think 
justifiable ; but I think it evident that in our climate trees will invariably 
vegetate in the wettest soil and even displace grass where it has already 
become established." 

The facts described by Prof. Verrill are so full and explicit in 
favor of the possibility of lakes, peat-lands and svsramps, passing 
at times directly to forest land, that it is unnecessary to cite 
additional observations. 

In this connection it is important to note some of the condi- 
tions essential to the self-propagation of trees. We mention a 
few well-known facts: 
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a. Elms, maples, and other shade trees drop their fruit pro- 
fusely over a grass-covered lawn, and yet none take root. The 
grass prevents the seeds for the most part from reaching the 
soil; or if washed into it by rains, the pre-occupation by the 
grass hinders their development. 

b. But along the sides of an earth-made path, and in shaded 
places, as near a fence or hedge, a crop of young plants will 
often spring up. 

c. These young plants, as the writer has observed about his 
own grounds, die off during an ordinary summer's drought. 
Only those which spring up where the earth is kept moist by 
the shade and the position is one favorable for perpetuated 
moisture, and those which fall into the open and enriched soil 
of a garden, will stand the usual summer's drought and live. 

d. The simple fact is that the roots of most trees are slender 
and rather sparingly branched, and the leaves also are few ; and 
unless they have a chance to strike deep before a drought, down 
to depths where there is permanent moisture, and take consider- 
able expansion at such depths, they are cut off by the dry 
season. Even if a peculiarly wet summer favors the seedlings 
80 that they get a year's start, the drought of the following year 
is almost sure to cut them down. 

In view of the facts we believe we are safe in deducing the 
following conclusions : 

1. A prevalence of moisture is connected directly with a preva- 
lence of forests, — This is exhibited in the distribution of forests 
over the surface of the continent; on mountains; down the val- 
leys of mountains, where outcropping layers bring moisture 
to the surface ; along the slopes dividing the alluvial terraces of 
many prairie regions, where moisture oozes out for the same 
reason — the stratification of the alluvium; over many prairie 
plains when they are unusually moist; and along the banks of 
rivers, which feel even the narrow fogs that may overlie the 
stream. 

To avoid misapprehension of this statement it should be con- 
sidered that this moist condition is not proportioned necessarily 
to the annual fall of rain and snow. For the mists which pre- 
vail throughout the year along some sea-coasts, and in some 
mountainous regions, may not drop half the amount of moisture 
in a year that descends through rain and snow in other regions, 
and still be va.stly more favorable for forests. The mist keeps 
the ground always moist. The rains, on the contrary, may de- 
scend plentifully during half the year and give a large number 
of inches of fall, and yet be followed by a season of drought 
unfavorable to forests. Moreover, a large part of the waters of 
rivers flow off in the streams to distant regions ; while the more 
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gently distilling mists keep the ground thoroughly wet, and lose 
much less by running off. Hence, the regions of the greatest 
fall of moisture on a rain-chart do not necessarily correspond 
with those of the greatest extent of forests. The area of even 
" 45 inches " over the United States is not necessarily, therefore, 
an area throughout of forests. 

Again, the effects of the falls of moisture in the shape of raia 
mists, &c. depend much on the heat of the region, Decause of 
the consequent difference in evaporation. With a cool climate, 
like that of the coast of Oregon, there is comparatively little 
evaporation, and the moisture lies long in the soil. But the 
same moisture, from the same kind of mists, on a coast like that 
of Peru should produce much less effect. Forty inches of rain 
in a year about a mountainous region, or in a cool climate, would 
hav'e far greater effect toward keeping the soil moist than in 
those low lands which lie in the same latitudes in the Missis- 
sippi valley. It has been stated that the amount of rain-fall in 
the Sierra Nevada is 50 to 75 p. c. more than in the Sacramento 
and Joachim plain on the east ; but the effect of this moisture 
on vegetation is vastly greater than this on account of the cooler 
climate of the heights. 

2. In a moist region soik of all kinds not under water may h- 
come forest-covered^ from the finest silt to the coarsest and hosed 
gravd^from the sourest marsh mud and drying peat swamp to the 
most fertile alluvium, — This is shown through eastern North 
America, and has been illustrated by reference to facts in the 
States of New York and Maine. 

Yet, where there is only a moderate supply of moisture, the 
different kinds of soil will manifest their differences in unlike 
productiveness in trees. The loose gravel is quick to feel 
aroughts; the clayey soil much less so; the best vegetable 
mould still less so. The fact that trees will not grow over soils 
permanently submerged does not require us to admit that when 
the same region has become comparatively dry the soil is still 
unfit for trees. When, on the first recovery of the land, grass 
takes possession of the surface, forests, in moist regions, may 
soon spread and dispossess it. 

3. Grass-regions may encroach on forest-regions^ or the reverse^ 
according to the dryness or moistness of the country, — Where the 
ground is permanently moist, the meadow seldom toakes progress 
against the trees. Thus the line of forest which covers the slope 
lying between two terraces, so striking a feature in some prairie 
regions, holds its place notwithstanding the grass of the prairie 
plain above, and of that below it. 

But if the old forest covers dry soil, the grass, or its precurs- 
ors in other plants, may gradually make an undergrowth among 
the nearer trees, and thus commence encroachment. Droughts 
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do not destroy the grass, while they do the seedlings of the 
trees ; and when, under such conditions, the old trees die, they 
die without successors. The encroachment is the slow work of 
centuries, because the standing trees are not injured by such an 
undergrowth. They live out their life-time, if left to nature, and 
only when they die does the meadow-surface complete itself. 

The forest, as has been explained, cannot ordinarily encroach 
on the prairie. But if a prairie, through any change of circum- 
stances, becomes permanently wet, so decidedly so as to weaken 
the grass, but not a region of permanent water, then the forest 
has its chance for encroachment. 

4. 1/ moistnesSj then^ is especially favorable to the growth of for* 
ests^ a change in the moistness of a region occasioned by geological 
events would be attended by a change in the adaptedness to such 
growth, — The Champlain epoch of the Post-tertiary, when por- 
tions of the continent over the higher latitudes were much de- 
pressed, (in many parts 300 to 400 feet), and the more southern 
much* less so, and when the great upper terrace flats of our lakes 
and rivers, often many miles in width, were made, was a time 
of warmer climate over the continents than the present, as the 
distribution of the terrestrial animal life of the era proves." 

It was, also, as the same terraces and the raised beaches prove, 
an era of wider expanse of lakes and rivers over the land. It 
was, therefore, in all probability, an era of moister climate 
over these regions than now. This being so, it was an era emi- 
nently favorable for the growth and extension of forests, when 
trees would have taken possession of the dry land not under 
water ; that is, wherever it was not too dry^ as. even then was prob- 
ably true of the far west. Now, after this Champlain epoch of de- 
pression, an elevation of the land began, bringing the continent 
up toward its present level, causing a change of climate to one 
of greater coolness and dryness, draining extensive regions that 
had been under water, and drying moist areas. Consequently, 
there would have been, from the beginning of this change, a 
tendency to a narrowing of the forest regions ; and, with such a 
tendency, an actual narrowing would, in one region or another, 
have begun. 

As the various parts of the continent would have differed hy- 
grometrically during the Champlain epoch in the same way as 
now, the great dense forests of the continent, on this side of the 
Eocky Mountains, would have then, as now, covered the eastern 
portions, and the great treeless regions would have been beyond 
the Mississippi. Any subsequent extension of the prairies that 
accompanied the approach to the present era and condition 
would, therefore, have been from the west toward the east. 
The prairies would have gradually stretched their bare surfaces 

* See the author's Manual of Geology, pages 647 to 667. 
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along the rivers, and made their winding way eastward amone 
forest-clad hills, wherever the dryness of the soil most favorea 
them. There would thus have been a slow yielding of the soil 
to plants that could hold their places in spite of droughts. 

At the same time the new-made lands about drying bogs, 
lake shores, etc. would have taken their vegetation from the ad- 
joining regions; the kind being determined by the dryness or 
moistness of the region through the year ; by the nature of the 
vegetation that was most accessible with its seeds; by the char- 
acter of the soil ; or, if either the dryness of the climate, or its 
moistness, were great, very largely by this one element alone, 
the dryness determining the absence of trees in spite of all 
other conditions, and the moistness their presence. Accordingly, 
there are interminable forests in Eastern America, interminable 
prairies on the slopes of the Rocky Mountains, and in the region 
between an intermingling of forests and prairies. 

The species of the Post-tertiary trees, as may be concluded 
from the observations on buried fragments, were probably iden- 
tical for the most part, if not wholly, with those now existing, 
(as is true also of the species of invertebrate animal life). Our 
forests of modern trees date, beyond reasonable doubt, from this 
remote Post- tertiary era. Their distribution began then, and 
in accordance with the favoring conditions of the soil and cli- 
mate. At the present time, we have the distribution of that era 
as it has become after being modified by the effects of subse- 
quent changes of level and of climate. 

But the modifications from these causes are, even now, far 
from being completed. As is well known, there are extensive 
forest regions where the soil and climate are so dry that if the 
trees were cut away they would not be able to re-establish 
themselves. A conformity between the distribution of trees 
and the climate is, consequently, only partially accomplished. 
Any cause that destroys the trees of a region, be it tempest, fire, 
or other agency, helps on this progress. 

The prairies of the Willammet, and in part those of the Sac- 
ramento, and also many east of the Rocky Mountains, have now 
their ''oak-openings," or surfaces scattered over with oaks, 15 to 
20 or so, to an acre. But these trees may once have been in 
thick groves, as they are now clustered near Feather River, in 
the Sacramento region, (p. 296.) 

A continent, or a large portion of it, cannot pass from a con- 
dition of greater to one of less moisture without ultimately ex- 
hibiting it in the distribution of its forests and prairies. 

It is, therefore, no objection to the theory here propounded, 
that forests, when cut down, do not, if left to nature, always re- 
sume their places, but give way to meadows. The times since 
the original planting are changed, and meadows are on the in- 
crease from natural causes, as YfeW sja XJoroxx^^Coft ^^^i'^-^ ^^\aa2^ 
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Art. XXXL — On the Conxlruclion of a Spectroscope with a nutn- 
ier of priarru, hy which tlie angle of minimum deviation for any 
ray Tnay be accurately measured and its position in the solar apec' 
trum determined; by Josiah P. Cooke, Jr. 

In an extract from a letter of the author published in this 
Journal, vol. xxxvi, p. 266, a method of adjusting the prisms 
of a compound spectroscope was described, by wnich the ad- 
jostment for any portion of the spectrum could he obtained 
with great rapidity and accuracy. A further study of the sub- 
ject has shown that the method of adjustment then only briefly 
described admits of the highest precision, and may he applied to 
the exact measurement of the angle of minimum deviation of 
the apectrum rays. It has been thus possible to apply the great 
dispersive power of the large Cambridge spectroscope in deter- 
mining the relative position of the various spectrum lines, and 
to secure all the accuracy of which angular measurements are 
capable. The value of such measurements is obvious, and with 
the hope that this method will prove to be an assistance to in- 
vestigators we propose to give in this paper a description of our 
instrument and of the manner of using it. 

The general construction of the instrument is shown in fig, 1, 




The two telescopes are constructed in the usnal way. The 
telescope A, which we shall call the coUimator, has an adjust- 
able slit placed exactly at the focus of the object glass. The 
small tube which carries the slit slides into the body of the tel- 
escope, but a rack and pinion motion would be preferable, so 
that when the focus is changed the slit will necessarily remain 
vertical. The rays of light diverging from the slit and rendered 
piuvllel by the ooject glass of the collimator next pass through 
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a series of prisma adjaated around a conical wheel, which will 
be soon described, and are then received by the telescope B. 
The spectrum, which is formed at the focus of the object glaw 
of this telescope, is examined with eye-pieces of different mag- 
nifying powers in the usual way. The object glasses of the tel- 
escopes are 2^ inches in diameter and have a focal length of 15J 
inches. They rest in Y's and are provided with spirit levels and 
adjusting screws. The frames which hold the telescopes are 
supported on pivots turning in sockets at the ends of two anna 
connected with the body of the instrument and may be clamped 
in any position. The arm which carries the collimator is j«r- 
manently attached to the main iron plate, but the arm, whicli 
carries the observing telescope may be moved around the plate, 
The details of the construction are shown in fig. 2, which 
is a section made 3. 

through one of ^he 
legs of the tripod 
and the movable 
arm, the telescope 
with its frame and 

Cot having first " 
n removed from 
the socket. {This 
figure as well as 
fig. 4 were drawn 
to the scale of one 
inch to a foot). 
The parts are as 
follows: H is an 
iron tripod with 
leveling screws; 
Q is a hollow ma- 
hogany column " 
with a conical cav- 
ity at the top ; F is an iron cone which rests in the conical cav- 
ity, supporting the whole body of the instrument and connected 
by a long iron rod with a clamping screw beneath the tripod. 
By means of this arrangement the instrument may be turned as 
a whole in the horizontal plane and the collimator directed to 
the source of light. Above the iron cone and fastened to it se- 
curely is the main circular plate of the instrument, which is 18 
inches in diameter and \ an inch in thickness. Near the outer 
edge of this plate is inserted a band of silver, which is graduated 
to 10" of arc. On the under part of the plate there is a neck 
and at the center of the upper surface a socket, which are accu- 
rately centered with each other and with the graduated limb. 
Around the neck at£ moves an iron collar, to which ia attach^ 
the arm bearing the obaeivinglciVeaQCi^. ^V'a-ma'4^,^\^T«.&T# 
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concentric with the graduated limb and bears a vernier by which 
the angular motion may be determined, reading to 10". In 
the socket of- the first plate rests the pivot of a second plate, 
C, which turas on the first and supports the prisms with the ad- 
justiDg wheel A. The diameter of the upper plate is an inch 
less than that of the lower plate, so as to e^^pose the graduated 
arc near the outer edge of the latter, and its upper surface is as 
flat and even as possible. Eising firom the center of the upper 
plate there is a tall screw pivot of iron, B, on which turns a 
conical wheel, made also of iron. By this motion the wheel 
may be either raised or lowered. This wheel is an essential por- 
tion of the instrument, and we will next consider the theory 
of its use. 

In the ordinary method of measuring the angle of minimum 
deviation with a Babinet's goniometer the prism is placed on a 
revolving plate at the center of the graduated circle, and so ad- 
justed that the edge of the refracting angle shall be perpendicu- 
lar to the plane of the circle, and its bisectrix parallel with a 
diameter of the circle. The axis of the collimator and observ- 
ing telescopes, moreover, being parallel with a diameter of the 
circle, it is evident that, when the prism and telescope are turned 
into the position of minimum deviation, the vertex of the angle 
of minimum deviation will coincide with the center of the 
circle, and hence the arc intercepted between two radii of the 
circle parallel to the axes of the two telescopes will be the 
measure of the angle required. This angle is practically meas- 
ured by first bringing into line of collimation tne observing tel- 
escope and collimator, so that the image of the slit at the end of 
the collimator coincides with the vertical wire in the eye-piece 
of the telescope. The position of the vernier on the graduated 
arc is now noted. Then, having adjusted the prism, both the 

Srism and the telescope are turned to the position of minimum 
eviation, and a coincidence established between the vertical 
wire and one of the lines of the spectrum. The vernier is now 
again read and the difference between the two readings is the 
angle of minimum deviation for the ray corresponding to that 
line. 

It will be obvious however 
firom fig. 3, that it is not neces- 
sary for the accuracy of this 
measure either that the prism 
should be placed at the center 
of the circle, or that the axes 
of the telescope should be par- 
allel to one of its radii. If 
only the bisectrix of the refract- 
ing angle passes through the 
center of the circle, the prism 
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may be placed on the outer rim of the plate, and if only the »• 
dial arm, which carries the observing telescope, moves concen- 
tric with the graduated arc, the axis of the telescopes themselves 
may make any angle with the radius whatever. Let Op and j 
Oq be two radii of the graduated circle. Let Ajo and Bj rep- 
resent the axes of the two telescopes in collimation and making 
any undetermined angles with the two radii. Place now a prism 
at m and turn the radial arm Oq into the position 0^', but with- 
out changing the inclination of the axis of the telescope to the 
arm, and let BmB' be the angle of minimum deviation. Since 
now the two triangles qsm and q' 8o are similar, it is evident 
that the angle BmB' is equal to the angle qoq\ and is therefore 
measured by the arc intercepted between the radii Oq and Oj'. 
In order now to apply this principle in the spectroscope the 

?;lass prisms were mounted permanently in brass frames. The 
raraes rest on three brass pins which were adjusted by filing 
until the refracting edge of the prism was perpendicular to the 
iron place C fig. 2. Two brass pins were also attached to the 
back of each prism and the lengths of these so adjusted that^ 
when the prisms are pushed against the conical wheel, the bi- 
sectrix of the refracting angle snould coincide with a radius of 
the wheel. The last adjustment was made with the aid of a 
guage cut from a sheet of tinned iron fitting at the same time 
the periphery of the wheel and the face of the prism, which was 
applied alternately on either side. The angle of minimum devi- 
ation of the ray D was then measured for each prism in the fol- 
lowing way : — 

The prism having been placed on the plate with the pins applied 
to the periphery of the wheel, the collimator was turned on its 
pivot, and at the same time the plate C turned on its center, 
until on applying the eye at the open slit and looking through 
the object-glass towards the prism, the further back edge of the 
prism, seen through the glass of the prism, appeared to coincide 
with the nearer back edge seen directly. When this is the case^ 
it is evident that the rays of light which reach the eye from the 
further back edge of the prism must pass through the glass pa^ 
allel to the back edge of the prism, or, what amounts to the same 
thing, perpendicular to the bisectrix of the refracting angle, and 
when tne light passes in this way the prism is at the angle of 
minimum deviation. When the prism was thus placed the colli- 
mator was turned slightly on its pivot until the axis of the teles- 
cope prolonged passed through the center of the prism-face, and 
was then securely clamped in this position. This adjustment may 
be made with sufficient accuracy by the unassisted eye. The prism 
having now been turned one side, the arm of the observing tel- 
escope was turned on its center, and at the same time the tele- 
scope turned on its pivot until it came into exact collimation with 
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the collimator. In order to facilitate this adjustment the tele- 
scopes are provided with caps which cover the object-glasses of 
the telescopes with the exception of a narrow vertical slit at the 
center. The pivot of the observing telescope was next clamped 
and the caps having been removed the image of the slit seen 
through the observing telescope was brought into exact coinci- 
dence with the vertical wire and the position of the vernier noted. 
The prism was now brought back to its place by turning the up- 
per plate of the instrument, and the observing telescope also 
turned until the position of minimum deviation for the ray D 
was attained and this well known double line brought to coincide 
with the vertical wire. The limb was then again read, and the 
diflference of the two readings gave the angle of minimum devi- 
ation for the prism. 

In order to show that this method of measurement is perfectly 
accurate, we give below the angles of minimum deviation of the 
nine prisms of the Cambridge spectroscope measured as just de- 
scribed, and in a parallel column the same angles measured in 
the old way with the prisms at the center of the plate. It will 
be seen that the differences are insignificant and within the 
limits of error of observation : 





Measured at 


MeaBurcd on 






center of pluto. 


edge of plate. 




No. 1, 


29* 31' 10" 


29** 31' 10" 




No. 2, 


29** 29' 10" 


29° 29' 10" 




No. 3, 


29** 28' 10" 


29** 28' 10" 




No. 4, 


29** 37' 0" 


29** 36' 40" 


-20" 


No. 5, 


29** 28' 30" 


29** 28' 40" 


+ 10" 


No. 6, 


29** 36' 30" 


29** 36' 10" 


-20" 


No. 7, 


29** 28' 10" 


29** 28' 10" 




No. 8, 


29** 29' 30" 


29** 29' 40" 


+10" 


No. 9, 


29** 28' 40" 


29** 29' 40" 





267** 37' 50" 267** 37' 30" -20" 

Although the adjustments required may appear complicated, 
they can be made in far less time than it has taken to describe 
the method. 

It is a well known fact that when a beam of homogeneous 
light passes through a prism at the angle of minimum deviation 
the incident and emerging pencils make the same angle with the 
faces of the prism, at which they respectfully enter and leave 
the glass. Hence a second prism like the first stands in the same 
relation to the emerging beam in which the first stands to the 
incident beam. If then, after the first prism has been adjusted 
at the angle of minimum deviation a second prism be applied 
against the wheel at the side of the first, by moving the prism 
slightly to one side or the other, it will be easy to find a posi- 
tion, in which this prism also is at the angle of minimum devia- 
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tion, moving of course tbe prism on the plate wittoat distnrlhl 
ing the position of the plate itaelf. In like manner other priami 
may be ndded until the required number ia obtained. (In the 
Cambridge spectroscope there are nine glass prisms of 45°, ai 
shown in lig. 4.) This adjustment has only to be made, how- 
ever, once for all, since 

■when the prisms are F«- *■ 

adjusted they are fast- 
ened to a very thin, 
flexible brass ribbon, 
which, passingtl) rough 
a box at the back of 
each prism, is there se- 
cured by clamping 
screws. The ends of 
tliis ribbon, moreover, 
are attached to a small 
brass drum, wliich, be- 
ing wound up by an 
ordinary clocK spring, 
draws the chain of 
prisms tightly around 
the conical wheel, and 
keeps them always in 
place. By tracing the 
path of it ray of homo- '&^. 
geneous light through a 
series of similar prisms, 
HS is shown in fig. 4, 
it will be found that 
the path of the ray within the prisms is always tangent lo 
the ssime circle, provided that it passes through all under tbe 
conditions of least deviation. Assuming, then, that the dis- 
tances between the prisms are invariable, as they must be whea 
the prisms are fastened to a brass ribbon asjust described, it 
will oe evident from a moment's refiection that the greater the 
refrangibility of ibe given ray the less must be the diameter of 
the circle, around which the prisms should be arranged in order 
that the ray may pass under the required conditions, and, know- 
ing the dimensions of the prisms as well as the index of refrac- 
tion and dispersive power of the glass, it is easy to calculate ap- 
proximatively what the diameter should be in a given case. 
The dimensions of the conical wheel A, fig. 2, were thus deter- 
mined — the largest diameter, 9^ inches, corresponding to the 
e.xtreme red, and the smallest diameter, 8j inches correspondiag 
to the extreme violet rays of the solar spectrum. In order to 
facilitata ibe adjustment a series of lines were engraved eocir 
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cling the wheel at equal distances from each other and numbered 
from 1 to 12. 

Having described the construction of the instrument it will 
now be easy to understand the method of using it. Let us sup- 
pose that the object is to measure tlie angle of minimum devia- 
tion of the blue ray of the strontium spectrum. By examining 
any chart of the spectra of the chemical elements it will be 
found that this line is situated roughly at somewhat less than 
two-thirds of the distance from A to H. If, then, we turn the 
conical wheel until the pins of the prisms all rest against the 
liire marked 7, we shall have approximatively the true position. 
We then adjust the collimator with reference to the first prism 
exactly as before described for a single prism. Turning then 
the upper plate so as to remove the prisms out of range, we 
bring the observing telescope into coUimation with the collima- 
tor, as also before descrined, when on reading off the limb we 
have the starting point for our measure. We next turn the 
plate and move the telescope until the spectrum appears in the 
field, and carefully bring tlie blue line to coincide with the ver- 
tical wire at the position of minimum deviation. We now 
raise or lower the conical wheel and notice if in this way the 
angular deviation is diminished, and leave the wheel in the po- 
sition where the minimum is reached. It now only remains to 
again read the limb when the difference of the two readings 
subtracted from 360® will give the angular deviation required. 

When near the position of minimum deviation a large motion 
of the conical wheel produces only a slight motion of the imajre, 
80 that after a table has been made giving the position of the 
wheel for a few of the marked lines of the spectrum it is always 
possible to bring the wheel at starting to the desired point. More- 
over, the fact that when near the position of minimum deviation 
the position of the image is affected so slightly by a small change 
in the position of the prisms, renders it possible to make all the 
adjustments required with exceeding rapidity and accuracy. 

in order to test the accuracy of our method we have made 
several determinations of the minimum deviation of the line D, 
and although between each determination the whole apparatus 
was completely dismounted, the value obtained was in all cases 
267^ 87' 50'V It will be remembered that the sum of the angles 
measured on each prism separately at the center of the j)late, as 
given on page 309, is precisely the same (267° 37' 50") and the 
sum of those measure<l on the edge of the plate (267^ 87' 80") 
only differs from this by 20". 

tVben it is not important to use absolutely the whole aper- 
ture of the prisms it is not necessary to change the position of 
the collimator in passing from one part of the spectrum to an- 

' Ab the meao of the two lines. 
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other. If we adjust the collimator as above described, wliea 
the prisms rest against the middle circle on the wheel, the whole 
spectrum can be passed under review with great rapidity with- 
out any further change of the collimator, and each point seen 
under the condition of minimum deviation. When, however, 
on account of the feebleness of the light it is important to use 
the whole aperture of the prisms, a slight gain can be obtained 
by readjusting the collimator at the extreme points of the spec- 
trum. In making the measurements described in this paper, an 
important advantage is gained in keeping the position of thecol- 
limator fixed; for if its position is changed, the point to which 
the angular measurements are referred is changed also, and must 
be determined anew. If however the arms, to which the tele- 
scopes are attached, are so arranged with a sliding motion that 
both the collimator and the observing telescope may be moved 
parallel to themselves without altering their relative angular po- 
sition, the whole aperture of the prisms may at any time be uaed, 
and nevertheless all the measurements referred to the same point 
on the graduated limb. 

Besides the set of glass prisms the Cambridge spectroscope ii 
also provided with a set of sulphid of carbon prisms, which 
have been previously described in this Journal. They are mount- 
ed on a separate plate with a separate wheel of the proper di- 
mensions and are arranged in all respects like the glass prisma 
above described. The plates are provided with handles so that 
one battery of prisms may be quickly lifted off from the instru- 
ment and the other put in its place. But although the liquid 
prisms are valuable on account of their great dispersive power 
in bringing out faint lines, especially in the more luminous por- 
tions of the spectrum, yet their use is very restricted. One dif- 
ficulty arises from the immensely rapid change of the index of 
refraction of sulphid of carbon with the slightest change of 
temperature. We have noticed within half an hour on a sum- 
mer's day a change of 8' in the angle of minimum deviation of 
a single sulpliid of carbon prism of 45^^, although the tempera- 
ture of the room had only in the meantime changed eight tenths 
of a Centigrade degree. The temperature of the prism un- 
doubtedly changed much more than this; but when we remem- 
ber that the variation thus produced would amount to over one 
degree for the nine prisms, it will be seen that they must be use- 
less for any purposes of direct measurement. Again, sulphid 
of carbon is far Itss transparent than glass to the more refrangi- 
ble rays of the spectrum, and lastly, a slight change of tempera- 
ture in the observing chamber produces at once currents in the 
liquid, which are fatal to good definition. Nevertheless under 
the best conditions, we have found that sulphid of carlxm 
prisms define as well or even better than glass. The instrument 
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de8cribed in this paper, with the exception of the glass prisms, 
was made by Messrs. Clark & Sons of Cambridgeport, and we 
would here especially express our indebtedness to Mr. George 
Clark for his great ingenuity in planning and executing the me- 
chanical details. We reserve for another article an account of 
the results of our measurements. 



Abt. XXXIL — Eocperimenis in Mechanical Polarity ; by Pliny 

Eable Chase, M.A., S.P. A.S.* 

I HAVE already published three simple experiments in mechan- 
ical polarization (Proc. Amer. Philos. Soc, ix, 359), and I have 
endeavored in various ways to show that terrestrial magnetism 
is probably owing to an analogous polarization of aerial and 
aetherial currents. Finding that my hypothesis was sustained 
by some remarkable numerical coincidences, as well as by vari- 
ous points of correspondence between the assumed influence of 
gravitation-currents and the observed daily variations of declina- 
tion and inclination, I sought for some practical demonstration 
of the truth of my inferences. I therefore endeavored to imitate 
the movements of the atmosphere by mechanical contrivances, 
and the results, which are in most respects such as I anticipated, 
and which are all susceptible of an easy explanation, are em- 
bodied in the following additional experiments. 

4. By the use of fans, bellows and blowers of various kinds, 
either alone or in conjunction with directing discs, currents may 
be produced that will deflect the needle in any desired direction, 
in accordance with simple and evident mechanical laws. 

5. I have tried iron, copper, wood, zinc, and pasteboard, and 
find, as I anticipated, that the material employed for producing 
or directing the artiQcial currents has no eftect upon their mere 
mechanical action, but I have found the results most satisfactory 
when, in order to avoid the complication of induced magnetism 
or electricity, I employed non-conductors, such as wood and 
pasteboard. Upon subsequently repeating the experiments with 
different metals, the effects of the induced currents have been 
plainly shown. 

6. Increasing the number of directing discs (provided they 
are all parallel), often modifies the intensity of current-influence, 
but does not appear otherwise to affect the result. 

The most striking developments that I have yet hit upon, 
were obtained by the aid of a Gaussian modification of Faraday's 
apparatus for showing the electric currents developed in moving 
metallic bodies by terrestrial magnetism. It consists of a heavy 

' Trom tha Frooeadings of the American Philosophical Society, ivjij 21, 1866. 
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copper ring (a), fixed to horizontal supports (6) (c), on which % 
can be rapidly rotated by a wheel {d) and pinion (c), the sup- 
ports being relieved by friction- wheels (/). The outer diameter 
of tlie ring is 6 inches at each edge, and 6|-V inches in the mid- 
dle ; the inner diameter 5 inches ; the thickness 1^ inches. The 
axle opposite to the gearing (7), is hollow, to allow theinsertioa 
of a brass rod (/a), which supports a compass (i) horizontally ia 
the interior of the ring. The compass is not shielded by a glass, 
and it is therefore easily affected by aerial currents. If therinff 
is made to revolve around the compass needle, the N. fwleof 
the needle is deflected in a direction opposite to the motion of 
the top of the ring. 

For my special purpose, I replaced this, copper ring by t 
wooden one of the same dimensions, and prepared a number of 
discs {k) (/), in the form of semicircles and circular segmenU, 
fitted so that they could be fixed, in different vertical positiona, 
in the compass box, above the needle. Causing the wheel to 
rotate, with the axis variously placed, I tried the following ex- 
periments: — 

A. Single disc, or multiple and parallel discs. 
a. Axis in magnetic meridian. 

7. When the disc was in the meridian, the currents produced 
a slight tendency in the needle' to move in the same direction as 
the upper part of the ring. 

8. VVhen the disc was in the equator, the slight tendency was 
opposite to that in Exp. 7, and the same as if it had been pro- 
duced by induced electricity in the ring. 

9. When the disc was inclined to the meridian, there was a 
marked polarity, perpendicular to the disc. 

h. Axis in magnetic equator. 

10. The disc being placed in the meridian, there was no dis- 
turbing current. 

11. Placing the disc equatorially, the needle was still undis- 
turbed. 

12. But when the disc was inclined to the meridian, the cur- 
rent-polarity was parallel to the disc. 

c. Axis 45° from magnetic meridian. 

13. In nearly all positions of the disc, there appears to be a 
disposition in the needle to move from the axis of the ring. Bat 
when the disc is in or very near the meridian, there is a slight 
tendency towards the axis. 

In order to imitate more closely the earth's principal thermal 
radiation-planes, which are all theoretically parallel with the 

' la speakiug of the noedle's tendeocji I always refer to the motion of the K. 
polo. 
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thermal meridians and meet at the thermal pole, I constructed 
a compound disc (m), of two circular segments, ipclined toeach 
other at an angle of about 30°, with which I tried the following 
experiments : — 

B. Spherical-angular disc. 

a. Axis in magnetic meridian. 

14. If the disc is so placed, with its opening towards the 
Bouth, that its angle is bisected by the meridian, the current- 
polarity carries the needle in the same direction as the motion of 
the top of the ring. 

15. If the opening of the disc is turned to the north, the ap- 
paratus remaining in other respects as in the last experiment, the 
current-polarity is reversed (as in Exp. 8). 

16. Placing the disc equatorially, I am unable to discover any 
current-polarity. 

17. Inclining the disc towards N.W. and S.E., the needle 
moves towards the east, whether the opening of the disc is to- 
wards the north or towards the south. 

18. If the inclination is towards N.E. and S.W., the motion 
of the needle is westerly. 

Experiments 14 to 18 are perhaps the most interesting and 
important of the entire series. Exp. 14 represents the direction 
of the gravitation currents that tend to restore the equilibrium 
which is continually disturbed by the thermal radiation of 
the northern hemisphere, while Exp. 15 represents the like di- 
rection in the southern hemisphere, and all the experiments 
demonstrate that in the daily magnetic fluctuations^ the motion of 
iliat end of t/ie needle which is nearest to the equator shoidd follow^ 
precisely as observation shows thai it does follow, the direction of the 
suh*s meridional influence. 

b. Axis in magnetic equator. 

19. When the disc is in the meridian, the current-polarity and 
the magnetic polarity coincide. 

20. If the disc is in the equator, with the opening to the east, 
when the top of the ring moves towards the north the needle 
declines to the east. 

21. But when the motion of the ring is towards the south, the 
current polarity is reversed, and the needle declines to the west. 

22. The reversal of the disc, placing the opening to the west, 
likewise reverses the f)olarity, the decimation being east when 
the ring moves south, and west when the ring moves north. 

23. The disc being inclined to N.W. and S.E., the needle de- 
clines towards the west (the action in Exp. 17 being reversed). 

24. Changing the inclination of the disc to N.E. and S.W., 
the declination changes to east (reverse of Exp. 18). 

From Exp. 19 to 24 we may infer that in consequence of the 
action of the trade winds^ combined with the greater radiation of the 
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northern hemisphere, there should be a constant eastward tendmcjuf 
ike magnetic declination, such as is indicated by the secular variatim 
of Hit needle. 

c. Axis 45° from magnetic meridian. 

26. When the disc is in or near the meridian, there iaadiglit 
tendency in the extremity of the needle which is under the 
opening of tlie disc, to follow the direction of the top of the 
ring. In all other positions the needle declines yhwn the axis. 

d. Axis variously inclined. 

26. If the inclination of the axis to the meridian is less, or 
greater, than 45°, the results approximate respectively to those 
obtained when the axis is in the meridian, and when it is in the 
equator. 



Art. XXXllL— Nitrates of Iron ; by John M. Ordway. 

Op the scattered accounts to be met with respecting the 
action of nitric acid on iron, few or none are worthy of entire 
confidence, because all are defective in the statement of condi- 
tions; and failing to make due reservations, they commonly set 
forth partial facts for general truths. In this way Thenard long 
ago fell short of correctness in each and every assertion when 
he said,* **0n ne pent obtenir que du nitrate de fer vert etdu 
nitrate de fer rouge ; et encore le premier ne se forme-t-il qu'en 
prenant de Tacide a 5°, et le second, qu'en employant de I'acide 
au plus k 12° a 15°. Si Tacide ^toit plus concentrate, une portion 
de J'oxide rouge se precipiteroit, et Ton n'en retrouveroit pins 
en dissolution que trds peu s'il avoit 36° k 40°." And some 
later observers have been little more successful in generalizing 
from insufficient data. It is singular that chemical writers in 
speaking of the varied reactions have hardly alluded to any 
other cause of the great diversities observed except difference in 
the strength of the acid used. Davy does indeed go so far as to 
make a rather indefinite mention of temperature, and describes 
the phenomena thus:* "When very dilute nitric acid, that ia^ 
such as of specific gravity 1*16,' is made to oxydate iron without 
the assistance of heat, the solution gives out no gas for some 
time, and becomes dark olive-brown."* "When very dilute 
nitric acids are made to act upon iron, by the assistance of beat, 
nitrous oxyd is produced in considerable quantity mingled with 

Annales de CLimie, Ivi, 75. « Collected Works of Sir H. Davy, iii, 112. 
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'nitFOUs gas and nitrogen." " In the beginning of a dissolution 
the nitrous gas generally predominates, in the middle nitrous 
oxyd, and at the end nitrogen." 

It should be remembered that the terms iron and nitric acid 
are too generic to allow qualifiers and definers to be altogether 
dispensed with. It must also be borne in mind that a finely 
divided metal does not always behave exactly like compact 
lumps of the same; and that heating or cooling a few degrees 
sometimes suffices to change the order of affinities of substances 
in mutual contact. A sound philosophy would therefore at the 
outset suggest the inquiry whether the action of nitric acid on 
iron is not a function of several variables, such as the quality, 
the quantity, and the strength of the acid ; the form, the kind, 
the state, and the amount of iron, and the quantity put in at a 
time; the initial temperature, and the range of temperature 
allowed during the action, pressure, light, rest or agitation, and 
the access or exclusion of air. 

Having only the data afforded by a few hundred experiments, 
I cannot presume to enter into a systematic and thorough dis- 
cussion of all possible causes of variation ; but the narration of 
some of the principal trials will serve to show that most of 
these supposed influences are really operative. 

Wrought iron turnings and weak acid were found sometimes 
to give ofiF hydrogen copiously and produce a green protonitrate, 
while in other instances nitric oxyd was evolved and a red per- 
nitrate was formed. 

For some comparable trials, turnings were secured clean and 
all alike by catchmg them as they fell from the lathe in turning 
a shaft of common rolled iron. The acid used was a nearly col- 
orless commercial nitric acid about free from chlorine and sul- 
phuric acid. The following are the final approximating terms 
of convergent series of experiments made by varying the tem- 
peratures, all other things being equal : 

1, JS^, — At 46® C, 100 g. of nitric acid of sp. gr. 1*03, with 5 g. of iron 
added all at once, gave off hydrogen continuously. The temperature 
during the action rose to 49®. 

n. — At 46° C, the same materials gave hydrogen for a few moments 
and then, changing, extricated nitric oxyd to the end. The temperature 
n»e to 60°. 

2, iV. — At 36° C, 100 g. of nitric acid of sp. gr. 104, and 6 g. of iron 
yielded hydrogen only and made a protonitrate. The heat rose to 45^°. 

w. — At 86° C, tbe same quantities of the same materials gave nitric 
oxyd and produced a dark red solution. 

3, JV. — At 31° C, 100 g. of acid of sp. gr. 1*05 and 6 g. of iron gave 
off hydrogen only. The thermometer inserted rose to 47^°. 

n. — At 82° C, 100 g. of acid 1-05 and 6g, of turnings evolved nitric 
oxyd and heated to 47° C. 

4, iV. — At 16° C, 6 Og. of acid of sp. gr. 1*06 with 3 g. of iron evolved 
hydrogen throughout the action, though the lempQTSLtwtQ tq%^ \j;^ W*. 

Am. Joum. 8ci.SBcoin} Sxbies, Vol. XL, No. 120.— ^o^.,\^eJK». 
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n. — At 17* C, 60 g. of acid and 3 g. of toniiDgB gave off hydrogen tA 
a moment, then stopped entirely, and then went on and evolved nitric 
oxvd to the end. 

6, iV. — Taking another kind of iron turnings, at 29° C. 60 g. of nitric 
acid of sp. gr. I'QA and 3 g. of iron gave hydrogen and a protonitrate. 

n. — At 30° C, tlie same quantities of the same materials gave hydro- 
gen for a while, and then changing evolved nitric oxyd and made a per- 
nitrate. 

It is worthy of notice in these cases that the final action is 
determined by the initial temperature, and not by that which 
may be reached during the operation. We see too that when 
the temperature aloue is varied, the dividing limit between en- 
tirely different reactions is pretty sharply defined; but with un- 
like qualities of iron, the limit is by no means the same for the 
same strength of acid. Indeed, in trying some sorts of the 
metal, there has been no production of hydrogen observed 
under any circumstances. And it may be that the failure of 
others to notice such a phenomenon is owing mainly to their 
chancing to operate with iron of the purer kinds. Priestley* re- 
ports having once obtained "explosive air" by warming iron 
with nitrate of iron ; and this solitary instance appears to be 
the only one on record. 

The essential peculiarity of hydrogen evolving iron remained 
a mystery till I noticed that the gas blackened particles of rust ; 
floating in the water over which it was caught. The gas was . 
found to be capable of discoloring paper moistened with a lead 
solution. So a small fractional per-centage of sulphur is the 
chief, if not the only, constituent of iron which suffices to make 
the acid depart from its more usual modes of operation ; and 
probably it is the proportion of sulphur which determines for 
acid of a given strength the dividing limit of temperature be- 
tween hydrogen and nitric oxyd production. I have seen a 
temporary evolution of hydrogen even with an acid of sp. gr. 
1*08, and it is possible that a still stronger acid might operate in 
the same way on some irons, at a very low temperature. 

The following trials show difierences caused by what is con- 
veniently designated as **mass;" but how far **mass" depends 
on mere weight and how far on the extent of surface exposed 
to action has not been ascertained. 

6, a. — At 35** C, 100 parts of nitric acid of sp. gr. 1*04, with 6 parts 
of wrought iron turnings, gave off hydrogen only. 

b, — At 35® C, 100 parts of nitric acid of sp.gr. 1*04, with two parts 
of iron turnings, gave hydrogen at first and then evolved nitric oxyd and 
made a red solution. 

7, a. — At 23® C, 100 parts of nitric acid of sp.gr. 1*04, with 28 parts 
of cast iron, gave hydrogen only and made a protonitrate. 

* Experiments and Obseryations on Different Kinds of Air ; London, 1*779, iii, IZi. 
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h, — At 23® C, 100 parts of nitric acid of sp. gr. 1*04, with 4 parts of 
the same cast iron, evolved nitric oxyd and yielded a pernitrate. 

8, a. — 100 parts of nitric acid of sp. gr. 1*05, with 60 parts of cast 
iron, emitted hydrogen only. 

h, — 100 parts of nitric acid of sp. gr. 1*05, with ten parts of the same 
iron, extricated hydrogen at first and then evolved nitric oxyd and pro- 
duced a pernitrate. 

Minute proportions of sulphur or phosphorus are known to 
have a wonderful effect on the physical properties of iron, and 
now the hydrogen production shows that one substance at least 
possesses a not less remarkable power of altering the normal 
chemical reactions ; for when we take the purest iron to be had, 
such for instance as that used for fine wire, the alternative of 
nitric oxyd evolution is silent solution. When no gas is set 
free the product may be either protonitrate, or pernitrate, or an 
uncertain mixture of the two; and after long continued action, 
protoxyd of iron or peroxyd may be precipitated. Oftentimes, 
when air is freely admitted there is not only no loss but an 
actual gain in weight. In such cases probably nitric oxyd in 
fact forms slowly, but rising no farther than the surface of the 
liquid it is regenerated and fixed by atmospheric oxygen. There 
is always a production of nitrate of ammonia, but I have inva- 
riably found the quantity much too small to account for all the 
oxydation that takes place. 

For trials of the purer irons, coarse wire was taken, of such size that 
one meter weighed 15*6 g. A fine wire was used weighing 0*54 g. per 
meter, and therefore for the same weight presenting 5^ times as much 
surface as the course. 

9, a. — At 0° C, 100 g. of nitric acid, of sp. gr. 1*05, with 5*2 g. of 
coarse wire, gave off very little gas and made a protonitrate containing 
0*26 p. c. of ammonia. 

h. — At 22* C, 105 g. of nitric acid of sp. gr. 105, with 5*2 g. of 
coarse wire, gave off nitric oxyd, and made a solution of basic pernitrate 
which contained 0*12 p. c. of ammonia. 

10. — At 0°C., 54 g. of perfectly pure nitric acid of sp.gr. 105 with 
6 g. of fine wire, lost 0*080 g. and made a protonitrate and some green 
oxyd. The produ<;t contained 02 p. c. of annnonia. 

11. — At 0°C., 68 g. of nitric acid of sp. gr. 1*06 and 3*5 g. of fine 
wire lost only 0090 g. Somewhat more than half of the iron dissolved 
was in the state of protonitrate. There were in the product 0*09 p. c. of 
ammonia. 

12.— At 0** C, 97 g. of nitric acid of pp. gr. 110 and 10 g. of fine 
wire lost 0*72 g. The product contained 026 p. c. of ammonia and 0*7 
p. c. of iron, of which about two-thirds were in the form of protonitrate. 

Thus, by operating on the purer sorts of iron at low tempera- 
tures, we may get an unmixed protonitrate, with acid of as high 
a specific gravity as 1*05. And acid of much greater strength 
gives some protonitrate, if the action is retarded by cold. 
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13. — 71 g. of nitric acid of sp. gr. 1*25 being cooled in snow, 10 g. of 
the fine wire were gradually added. 8 g. of the iron were dissolved and 
the loss was only 1-23 g. Were the metal in this case oxydized by the 
mere decomposition of the acid, 4 g. of nitric oxyd should have been 
given off. The solution did indeed contain some ammonia, but iU 
amount was too trifiiug to account for any considerable part of the oxy- 
dation. 

The nitric oxyd, therefore, instead of passing off as fast as it 
was liberated, must have been in part oxydized by the superin- 
cumbent air and absorbed back into the liquor. The following 
instance gives a more forcible illustration of this matter : 

14. — Y g. of fine wire were gradually dropped into 97 g. of nitric acid 
of sp. gr. 1*20. The iron was all taken up leaving only some black skel- 
etons of the fibers. There was no loss, but a gain of 0*26 g. The pro- 
duct contained 0*13 p. c. of ammonia and a trace of protonitrate. 

As the iron in this experiment was all used up, it is plain that 
the production of ammonia and a protosalt was not owing to 
the after reaction of the partly made pernitrate on an excess of 
the metal. And it seems likely that the formation of proto- 
nitrate, pernitrate, nitrate of ammonia, and nitric oxyd, and the 
absorption of oxygen from the air were going on simultaneously, 
and during the whole time. 

It is not certainly known whether, in the direct action of 
nitric acid on iron, the generation of ammonia and the forma- 
tion of protonitrate have any necessary connection. I have 
never detected protonitrate in the product unless ammonia was 
also present ; but ammonia is sometimes found when the iron is 
all in the state of pernitrate. Yet in the latter case a protosalt 
may have been formed in some stage of the operation and sub- 
sequently oxydized as the action went on. No doubt there is 
often a partial rearrangement of the elements ; for a perfectly 
clear solution decanted from the undissolved iron, will some- 
times in the course of a few days, deposit a considerable quan- 
tity of rust and give off some nitric oxyd. 

The inquiry naturally suggests itself whether in case of silent 
solution there may not be a nitrite formed, — 2Fe and 8N0, 
giving FegOg 3N0^. Were it so the product would slowly de- 
colorize permanganic acid ; but the amount of permanganate 
bleached by any of the products has never much exceeded what 
was due to the quantity of protonitrate present. I have not, 
indeed, found any good reason for believing that there is any 
such thing as a sesqui nitrite of iron. 

When we bring together iron and nitric acid of as high a 
specific gravity as 1'3 the phenomena of passivity sometimes 
manifests itself; and the induction of such a state depends not 
merely on the strength of the acid, but has some relation to its 
quality and temperature, and to the kind and condition of tiie 
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iron. In speculations respecting the cause of passivity, it has 
not unfrequently been taken for granted that this singular 
change is wrought in iron only by the very strongest acid. 
Thus in a brochure' setting forth a new theory of the constitu- 
tioii of acids, Peretti gives the following unsound instance in 
support of his views, and goes on to argue that inactivity is 
Dwing to the lack of a certain hypothetical deutoxyd of hydro- 
gen: — "Hferro che 6 attaccato si fortemente da questo acido, 
preparato con il commune metodo AzO^ +2H0a, cessa di esserlo 
posto a contatto con Tacido azotico furaante AzO^+HOj cio^ a 
dire con questo acido privato de un equivalente di acqua," etc. 
But the fact that an acid of as low a specific gravity as 1*20 
may refuse to act on certain kinds of iron is far from lending 
any support to this and some other theories that have been pro- 
posed. The strongest acid has apparently no more effect on 
iron than so much water would have ; but with acid moderately 
strong there is often a momentary action, and then the metal 
brightens and undergoes no further change. Initial tempera- 
ture has much to do with determining the continuance or term- 
ination of the active state ; and yet for any particular acid or 
iron it is not easy to state the exact degree beyond which qui- 
escence is no longer possible ; for in a still liquid, an incipient 
action may, by reason of local heating, get such a start that it 
vill go on to the end, while a thorough and constant stirring 
would so distribute the small amount of heat evolved on first 
contact as to cause a speedy cessation of chemical change. But 
when passivity has once supervened, it requires very strong 
iieating of the acid to make it attack the iron again. The fol- 
lowing trials show that in treating of passivity we should take 
nto account not only the strength of the acid but also its qual- 
ity and temperature, the degree of agitation, and the kind and 
x>ndition of the iron : 

16. — Some nearly pure commercial nitric acid of sp. gr. 1*36 being 
beated to 34° C. and briskly stirred, a bit of bright iron wire was drop- 
ped in. The action continued till the metal was all gone. 

In another experiment with the acid at 33° C, the action quickly 
ceased. 

16. — Nitric acid of sp. gr. 1'38 warmed to 31° C, soon rendered iron 
wire passive. 

Some of the same acid at 32° C, kept on acting till the iron was used up. 

17, a. — A nearly pure and colorless acid of sp. gr. 1*39 warmed to 30° 
C, rendered iron wire passive ; but when such acid was heated to 31° C, 
before adding the iron, the action kept on. 

h, — Some crude red acid of sp. gr. 1*39 warmed to 41*6° C. exercised 
bat a momentary action on wire; and when the acid and iron were 
heated together afier the contact, the wire did not recover its active con- 
dition till the temperature was carried up to 88° C. 

* BeU'Asione chimica dell'Acqua sopra i Sail e sopra gli AcidL Boma, 186 !. 
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This acid heated to 42** C. rapidly dissolved iron wire. 

18, a. — A pale commercial acid of sp. gr. 1*40, warmed to 83® Q^r^ 
fused to dissolve iron wire. 

With such acid at 34* C, the action kepi on, 

6. — Some pui-e acid redistilled with bichrorbate of potash, having the 
sp. gr, 1*40, and being warmed to 36° C, quickly induced passivity ia 
iron wire. 

With some of the same acid .it 37° C, the action did not cease till the 
iron was all gone. 

c. — Pure red acid of sp. gr, 1'40 warmed to 68** C, rendered wire 
passive. 

Such acid at 69° C. continued to act 

d. — Some commercial red acid of sp. gr. 1*40 warmed to 65* C, hid 
but a momentary effect on iron wire. 

The same acid at 66** C, kept on acting. 

19. — A pale acid of sp.gr. 1*41 heated to 41° C, rapidly dissolved 
iron dropped in during slight agitation; but with the initial temperature 
40° C, the wire became passive. 

When this same acid was briskly shaken at the time of contact, 49^ 
C. was the limit of passivity. 

20, a. — Pale acid of sp. gr. 1*42, at 65° C, rendered iron wire passire; 
at 66° C. the action kept on. 

h, — Common red nitric acid of sp.gr. 1*42, even when warmed to 82" 
C, induced passivity in iron; but with the same acid at 83°, the action 
continued. 

21. — Steel wire scoured bright became passive when it was agitated 
with pure colorless nitric acid of sp. gr. 1*30, heated to 50° C. ; but when 
the acid had first been warmed to 51° there was a continued action. 

Other acid of sp.gr. 1-30 with other sorts of steel, gave the same 
limit of passivity. 

22, a. — Pure nitric acid of sp. gr. 1*34 heated to 71° C, soon ceased to 
act on steel wire; when 'such acid was first heated to 72° it did not in- 
duce passivity. 

h. — The same acid even at 1 00° C, had no action on the same steel 
wire freshly annealed and scoured bright. 

For trials of rough and less compact steel, two very long turnings 
were broken up, and furnished bits enough for a large number of experi- 
ments with metal of one and the same quality. 

23. — On this steel nitric acid of sp. gr. 126 acted rapidly and contin- 
uously, even when it had been previously cooled to 0° C. 

Nitric acid of sp. gr. 1*27 and at 40° C. soon ceased to act on a bit of 
steel added during brisk agitation ; with the acid first heated to 40'6* 
the action continued. 

And with acids of sp.gr. 1-28, 1-29, 1*32, 1-33 and 1*34, the limit of 
passivity was between 35° and 40° C. 

With acid of sp. gr. 1-345 and at 52*8° C, the steel became passive; 
with the same acid first heated to 53*3°, the action went on. 

Acid of sp. gr. 1*348 even at 76*7° C. rendered the steel passive; when 
this acid was first heated to 7 9 '5° the action would not stop. 

24. — ^The steel turnings were also tried with common red nitric acii \ 

i 
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ich acid of sp. gr. 1'34, at 66® C, rendered the steel passive; with 
Ditial temperature 65'6^ it continued to act 

;id of sp. gr. 1*335, at SS'S** C, soon ceased to act; with such acid 
J*9® the action went on to the end. 

'ith acid of sp. gr. 1-33, at 49*4° C, the action was momentary ; 
this acid first heated to bO° there was no stoppage, 
''ith acid of sp. gr. 1*32'7 the limit of passivity lay between 47*2® and 
» C. 

cid of sp. gr. 1*32 at 32-2® induced passivity ; with the same acid at 
® the action continued. 

T'ith cast iron the limit of passivity cannot be so precisely 
ned. Acid of moderate strength often continues to dissolve 
iron very slowly and silently after the first momentary, vio- 
action is over. It having been found by many trials that 
livity may occur in cast iron even with acid of as low sp. gr. 
•20, the following definite experiments were made : 

). — Took in each case a tared lump of iron weighing between 2*8 
3'3 grams, and some acid at 25*6® C. At the end of four hours the bits 
•on were cleared of the loosened carbon, washed, dried and weighed. 
With acid of sp.gr. 1*20 the iron had lost 218g. 

1-19 *• " 0-290 



U ii 



1-18 " " 0-386 

1-17 " " 1-497 

1-16 " " 1-529 



" a 1.15 « u 1.512 

" " 1-14 . " " 1-454 

7\\h the 1-20 acid the apparent action lasted but five minutes, and in 
next two cases the evolution of gas continued somewhat longer. In 
remaining instances the action lasted throughout. 
3. — Of another specimen of iron, pieces weighing between 6 and 7 
ns were tried, each with 20 c. c. of acid at 28® C. At the end of 13 
rs the products were gelatinous, basic pernitrates, turbid looking, but 
e soluble in water. 

With acid of sp. gr. 1*18 the iron had lost 2-264 g. 
" " 1-175 " " 2-295 

u u 1.17 « u 2-266 

" " 1-16 " ** 2-246 

u « 1.15 u « 2-141 

7. — Another sample of cast iron in pieces weighing between 2*7 and 
-ams was tried in each instance with 20 c. c. of acid at 23® 0. At 

end of nine hours the iron in acid of sp. gr. 1*20 had lost 0-285 g. 
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In the first instance the action was apparently over in six 
minutes. In the next five cases all was quiet at the end rf 
about twenty minutes. In the last three there was no stoppage. 

The phenomenon of passivity, — which had been observed oy 
Wenzel as long ago as 1782, and has been the subject of more 
speculation than experiment, — is explained by some as owing to 
the formation of a coating of insoluble oxyd. But we have no 
reason to suppose that an uncombined oxyd can possibly be 
formed in the presence of a great excess of strong acid. In fact 
after contact with the acid the surface of the iron often rcmaing 
as bright as ever, and a crust so thin as to be transparent moat 
be too thin to be impermeable. 

Others make the more plausible assertion that the metal im- ; 
mediately becomes covered with a layer of nitrate insoluble ia 
nitric acid. Thus Heldt says:' — "Die Haut von saltpetersauren 
Eisenoxyd durch welche das blanke Metall mit seinem Glaffi 
hindurch schiramert, ist unter einer guten Lupe deutlich za 
erkennen." I have never been able to detect any such film 
with a magnifier, and my experiments with heated nitric acid go 
to show that in many cases an adhering coat of nitrate cannot 
exist; for though the crystallized salt is not soluble in cold 
strong acid, it dissolves readily enough even in monohydrated 
acid with the aid of a moderate heat. When iron has become 
passive while cold, the acid ought not to require heating beyond 
60° to make the action recommence. But we have seen that 
even boiling sometimes fails to remove passivity. 

When the iron is temporarily attacked, an incrustation of 
oxyd, or of nitrate, could only by degrees acquire sufficient 
thickness to resist the acid ; and hence the theory of a protect- 
ive film would require the gradual cessation of activity ; bat in 
fact the cessation is usually sudden and abrupt. 

Eeason seems to be on the side of those who refer passivity 
to a molecular change in the iron, which may be induced by a 
momentary electric action set up on the first contact of the add 
with the metal. And such an alteration in the electric or chem- 
ical relations of iron is no more wonderful than the modification 
of the mechanical properties of steel by tempering, or the in- 
duction of permanent magnetism in steel. 

The following summary shows the results to be obtained by 
bringing together iron and nitric acid under various conditions. 

1. — There may be either no perceptible action or only a mo- 
mentary one, the iron quickly becoming passive. 

Passivity supervenes most readily with a red acid and with 
carburetted iron. And steel has its liability to become inert en- 
hanced by annealing. 

^ Lehre yon Verwandschaft der Eorper, p. 108 ; note. 
■ Erdmann's Jour. f. Pr. Chem. xc, 267. 
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2. — There may be silent action with the production of proto- 
nitrate, or of pernitrate, or of both together. 

8. — There may be a more or less rapid evolution of gns, — 
mostly nitric oxyd, — and the formation of an acid, normal, basic, 
or rusty pernitrate, or of a mixture of protonitrate and per- 
nitrate. 

4. — Hydrogen may be given off continuously, while a proto- 
nitrate is formed. 

5. — Hydrogen may be evolved rapidly at first and then more 
and more slowly till there comes a pause ; after which the re- 
action changes and nitric oxyd is liberated abundantly, a per- 
nitrate being the final product. 

6. — A very small portion of the acid may be decomposed so 
as to generate nitrate of ammonia; and this can take place 
•while nitric oxyd, or hydrogen, or no gas at all is given off. 

7. — During a moderate action there may be an absorption of 
oxygen from the air, and consequently a greater amount of oxy- 
dation will ensue than can be accounted for by the gases extri- 
cated and the nitrate of ammonia formed. 

Pernitrate solutions made with weak acid and excess of iron 
are generally so basic as to become turbid when they are treated 
with a solution of any sulphate. The precipitate, which is 
probably the tribasic persulphate of iron, is producible when- 
ever the nitrate solution contains less than two equivalents of 
acid to one of ferric oxyd. 

The proneness of nitric acid to dissolve an excess of iron, 
renders it hardly possible to make directly a solution that shall 
contain an exact normal nitrate ; for even if we try to use the 
precise quantities of material which theory would indicate, the 
reaction is not simple enough to allow us to predict just how 
much acid will be consumed in effecting the oxydation. Yet the 
procuring of a normal nitrate, which has been spoken of by 
some writers as very difficult, is far from being a hard matter. 
We have only to resort to the process by which most other 
OfTBtallizable salts are insured free from excess of acid or base. 
Tne nitrate readily crystallizes out of an aciel or normal solution, 
and of all the ferric salts it is the easiest to obtain in crystals 
and in a state of purity. In concentrating a solution, care should 
be taken to apply but a moderate heat: and, before setting it 
ftBide to crystallize, enough strong nitric acid should be added 
to make the liquid seen in a thin stratum appear of a pale yel- 
low color instead of a deep red. 

Solid Nitrate of Iron, — There are two definitelv crystallized 
sesquinitrates of iron, differing much in form and composition. 
The cubic nitrate noticed by Schonbein" in 1886 and analyzed 
by Hausmann" in 1854, is a tetrahydrate, FegOaSNO, 12H0, 

* Fogg. Ana, zxidz, 141. ^° Anoalcn der Cb. and Ph., Izzziz, 109. 

Am. Joxm. SoL-^BCOum Series, Vol. XL, llo. 120.— ^o^., 1^1^. 

42 
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— ^and, as will be shown presently, is produced only under cir- 
cumstances of peculiar constraint. The more commonly occur 
ring salt, whicn forms when there is no deficiency of water, is 
the oblique rhombic sexhydrate, — FCjOj 3N0g 18H0, — de- 
scribed in this Journal in 1850." At that time I was not aware 
that any previous analysis had been recorded ; but in a little 
work published in 1834, entitled " Manuel du Fabricant d'lndi- 
ennes, par L. J. S. Thillaye," is to be found the following pass- 
age: — **Si Ton veut obtenir des cristaux de pernitrate, on fait 
dissoudre lentement le fer dans I'acide nitrique k 84°, en pla§ant 
le vase dans un lieu frais. Lorsque la dissolution est k peu 
prfes complete, il se forme des cristaux qui aflfectent la forme de 
prismes droites a quatre pans et a bases carr^s, quelquefois ils 
ont six pans. * * * * Le pernitrate cristallise est forme 
de Acide Nitrique 41,968, Peroxide de fer 20,725, Eau 37,307." 
This composition corresponds nearly to Fcj O3 .3N0, . 16H0, 
and the specimen analyzed must have been a mixture of the 
two sorts. Having observed scores of crops of crystals formed 
under very diverse circumstances, and having invariably found 
the sexhydrated salt to belong to the monoclinic system, I think 
it would not be too much to say that those who speak of square 
prisms, either have had the cubic nitrate or a mixture to deal 
with, or have used Vauquelin's eyes instead of their own. "An 
observation which Citizen Vauquelin has communicated" ia 
thus given in Fourcroy's Chemistry : — "Concentrated nitric acid 
poured on an oxide of iron arising from the decomposition of 
water, had been left in contact with it several months. * * * 
Citizen Vauquelin was much astonished on stirring the liquor, 
which was of a brown color, to see in it several large crystals, 
the least of which weighed upwards of four grammes. * * * 
Their form was that of a square prism terminated by a bevel." 
As Vauquelin used concentrated acid, he might possibly have | 
had the cubic crystals ; but the cubic nitrate is not often modi- 
fied, and the last clause, respecting termination "by a bevel," 
suggests a query whether the dimetric form was not predicated 
from a hasty glance j'ather than from measurement or from care- 
ful inspection. And there is the more room for a doubt because 
in "Citizen" Vauquelin's time the science of crystallography 
lacked much of the simplicity and precision which it has subse- 
quently attained. In all likelihood it was the oblique nitrate 
which was first observed by Vauquelin ; and I may, perhapSj 
rightfully claim to have been the first to determine its true char- 

" The editor of the Chemical Gazette, — xii, 211, — speaking of Haosmann^s ni- 
trate says:—** Ordway gave the formula Fe^ O3 SNO5 18H0 for it." He should 
have observed that I gave no formula for the still undiscovered cubic Bait, bat do- 
scribed crystals the incUuation of whose upright prismatic faces differed 11<^ firom 
a right angle. 
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Rcter and composition, and its close correspondence to the ni- 
trates of alumina and chromium. 

HLausmann obtained the cubic nitrate by evaporating a solu- 
tion, at a very moderate heat, to the consistency of syrup, and 
then adding to it half its volume of nitric acid. By analysis, 
the crystals pressed in absorbent paper, gave him per-centages 
corresponding to Fe^ 0„ 3f NO^ + 13H0, equal to Fe- 0-, 
SNO, , 12H0+f (NO, 4H0). 

Wildenstein'* found several pounds of cubic crystals deposited 
from a quantity of very strong commercial nitrate that had 
stood a year and a half. They had almost exactly the composi- 
tion Fcg O3, SNOg, 12H0. These accidentally formed crystals 
appear to have come from a somewhat basic liquor deficient in 
water ; and that the segregation had taken place under very un- 
favorable circumstances, is shown by the fact that only " 10 
Pfund" crystallized out of *'2^ Centner*' of the solution. 

Hausmann's crystals were produced in a very concentrated 
liquor containing a large excess of acid, — a condition much 
better suited to giving a large crop. A lack of water is, no 
doubt, the essential requisite for the production of cubic ni- 
trate; for I find, by many experiments, that unmixed cubic 
crystals can be made at pleasure by so adjusting the solution to 
be crystallized, that the attraction of the tetrahydrated nitrate 
for water, shall be rather more than counteracted by the at- 
traction of an excess of nitric acid for water ; — that is, so that 
the liquid shall consist of tetrahydrated ferric nitrate dissolved 
in trihydrated nitric acid. Almost the whole of the nitrate then 
crystallizes out, because at low temperatures it is but slightly 
soluble in acid of such strength. A solution containing more 
water than will make up Fe^ O3, SNO,, 12H0+n (NO,, 3H0) 
may aflFord a few of the rhombic sexhydrate crystals mixed with 
the cubic; and one containing less water will hardly give any 
solid nitrate at all. When there is water enough present to 
make up Fe, 03,3NO, 18HO+n(NO„4HO), the crystals will' 
be all oblique rhombic. 

The conditions of. formation of the solid nitrates are some- 
what similar to those for the production of the two hydrated 
chlorids. When a solution is not basic and contains between 
six and twelve equivalents of water to one of perchlorid of iron, 
it first deposits the deutohydrate, FCjClgBHO, in transparent 
crystals, and then goes on to form the light yellow, opaque, in- 
distinct tetrahydrate, Fe2Cl3l2H0. Unless the liquid lacks 
water, no transparent crystals can make their appearance. 

For making cubic nitrate, the oblique crystals afford a definite 
material that admits of appreciable treatment. We may take a 
weighed quantity of these crystals in a tared dish, and evaporate 
by a gentle heat about fourteen per cent of their weight, or six 

" Erdmnm'u J. f&r Pr. Cb., Ixxxiv, ^U. 
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equivalents of water; then add trihydrated nitric acid enough 
to double the bulk of the liquid, and set the whole aside to 
crystallize. A still easier method is to melt one equivalent of 
the common nitrate and add a little over two equivalents of 
monohydrated nitric acid. Atmospheric moisture must be care- 
fully excluded during the cooling and the subsequent repose. 

The following experiment was made with a view of finding 
out whether there is any crystallizable nitrate of iron contain- 
ing still less water than the cubic salt: 

28.— 100 g. of Fe2 03,3N05,18lIO, were gently heated till 27 p. c 
were evaporated, one-half of the water and one-eighth of the acid being 
expelled. 42 g. of monohydrated nitric acid were added and the dish 
suitably covered was set out in an open shed for several days in tbe 
coldest weather of winter. No crystals formed except a slight fringe 
around the edge, where a little moisture had probably been absorbed 
from the air. 

Afterwards the whole was heated and 33 g. of oblique rhom- 
bic crystals were dissolved in it. On standing in a cold plaee a 
full crop of the cubic salt was soon deposited. 
• So then the drying power of nitric acid does not enable us to 
get a nitrate containing less water than the tetrahydrate, but, 
when pushed too far altogether prevents crystallization. Yet 
Scheurer-Kestner" speaks of a salt of the very remarkable and 
irregular composition Fcg 03,3NO,,2B[0. To obtain this, he 
evaporated a solution of nitrate, at a moderate heat, till it be- 
came very dense and a part was decomposed. The liquid por- 
tion on cooling produced a mass of confused crystals of the 
almost anhydrous salt. The mother liquor by long standing 
gave crystals of the cubic nitrate. 

M. Scheurer-Kestner erroneously cites me as having mentioned 
in this Journal, vol. xxvii, p. 197, such a salt as PCj O3, 3N0„ 
6H0. He probably m3ant to refer to p. 17 of that volume, 
where I have taken the liberty of showing the generic agree- 
ment of the sesqui nitrates with iihe sexhydrated protonitrates, by 
writing the ferric salt Pe-f sfJ^fiig ; and he must have been led 
astray by a misapprehension of the Berzelian method of nota- 
tion. A dihydrated nitrate would be too singular to be accepted 
without a full characterization ; and I should be very far from 
calling on the world to believe in a Pef^gfig o^ the strength of 
a mere formula. At tiie time of writing the article on nitrates, 
I had not met with Hausmann's account of the cubic salt, and 
therefore was not aware of the peculiarity of nitrate of iron in 
ranking among the tetrahydrates as well as in the more exten- 
sive class of sexhydrates. Other salts of the tetrahydrate class 
may exist as anhydrous nitrates, and it is a question whether 
Scheurer-Kestner's more recently discovered salt, JPeJl'jfla, is not 

^ Bulletin Soc. Chimique de Paris, March, 1862, p. 86. 
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1 reality the anhydrous pernitrate of iron with a slight admix- 
are of the cubic nitrate. For he did not obtain it in well de- 
ined crystals and therefore could not be sure of its singleness: 
.nd moreover there is noan«ilogy in favor of the formula which 
lis analysis assigns to it. It is very remarkable that the tetra- 
lydrate is more fusible than the oblique rhombic salt which 
K>ntain3 nine per cent more water. The sexhydrate melts at 
17^0., and Hausmann found the cubic nitrate to liquefy at 
J5® 0. ; but his product contained a little free acid and it is prob- 
able that the pure tetrahydrate melts at a point between 85^ 
and 40"". 

If six equivalents of water are added to the melted cubic ni- 
trate, heat is evolved, and, after a while, the whole becomes 
solid. 

• 

The unaccountable anomaly of greater fusibility with a less 
percentage of water is not peculiar to the nitrates of iron, but is 
shown also by the perchlorids. For I find the transparent di- 
hydrate, Fe, Cl^ 6H0, to melt at 3PC., while the opaque tetra- 
hydrate, Fcj CI 3 12H0, fuses at 85 5"" C. And if a mixture of 
the two chlorids is slowly heated, the transparent crystals liquefy 
first. The addition of six equivalents of water to the melted 
dihvdrate is attended with the production of heat. 

The plan of using fuming nitric acid to contend with a hy- 
drated nitrate for the possession of water, of course admits of 
more extended application. With nitrate of alumina indeed it 
does not work well, on account of the high melting point of 
that salt and its very slight solubility in even boiling acid. Ni- 
trate of chromium is more tractable, and a mixture of monohy- 
drated acid with the melted crystals,' on standing, lets fall nearly 
all the nitrate as a confused crystalline mass probably contain- 
ing leas than twelve equivalents of water, and having little re- 
semblance to the cubic nitrate of iron. In a single instance I 
have seen in the mass one or two crystals apparently cubic, but 
they were too minute and scanty to allow any special examina- 
tion. Nitrate of glucina has never been obtained except as a 
trihydrate, as mentioned in a former paper. Since the date of 
that publication 1 have succeeded in getting more distinctly 
formed crystals which appeared to the eye dimetric, being indeed 
very short square octahedra. It remains then still uncertain 
whether the other sesquinitrates can form salts corresponding to 
the cubic nitrate of iron. 

With the help of strong nitric acid, the nitrates of manganese 
and zinc may be crystallized with less than six equivalents of 
FSter, but these products have not yet been fully examined. 

Protonitrate of iron is a salt of such a nature that we can 
never expect to get it in the solid state except as a sexhydrate. 

Protonitrate of Iron. — The most convenient way of procuring 
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ferrous nitrate, is to dissolve the protosulphid of iron in nitrio 
acid of less sp. gr. than 1'12, no considerable elevation of tem- 
perature being allowed. Though protonitrate crystals are very 
unstable, a moderately strong solution may be evaporated witt 
out much risk by a heat not exceeding 60^ C. As the strengdi 
increases, however, the temperature must be lowered, especially 
if there is an excess of acid. By thus proceeding with greater 
caution as the liquid becomes more concentrated, we may get it 
strong enough to crystallize when exposed to the cold of winter. 
The following experiments show the difference between weak 
and strong, acid and neutral solutions, in respect to their endor* 
ance of heat : 

29, a. — A solution made directly with sulphid of iron and nitric acid 
of sp. gr. 1'08, contained 29 p. c. of FeO, NO^, 6H0, and 0*6 p.c. of free 
acid. Some of it heated slowly remained clear and unchanged. while 
the temperature rose to 83^ C. At 90^ it underwent a rapid transfiw- 
mation and became rust v. 

b, — Some of the solution mixed with about its own weight of water, 
continued unaltered till it was heated to 100^ C. It required some five 
minutes boiling to effect a complete rearrangement of its elements. 

c. — Some of the solution on being merely mixed with one-sixth of iti 
weight of pure nitric acid of sp. gr. 1-42, at once gave off gas and made 
a clear, dark red liquid. 

d. — Some of the solution was mixed with nearly its own weight of 
nitric acid of sp.gr. 1-10 and heated slowly. At 60® C, it started and 
quickly changed to pernitrate. 

€, — A mixture of 28|9f. of the solution with llg. of pure nitric acid 
1-10, began to alter at 77° C. 

30. — A solution of the crystals, saturated at 16** C. and containing 71 
p.c. of FeO, NOgjCBLO, was heated in a water-bath. It began to gife 
off gas at 85® 0. At 88** the rearrangement went on violently and was 
soon finished. 

The crystals themselves while still wet, may be kept in the 
cold without alteration; but when they are quite free from 
mother-liquor, they are apt to start suddenly, even at the com' 
mon temperature of the air, and undergo a rapid transformation, 
a dark red, clear, basic pernitrate being produced. The compo- 
sition of the pasty mass, in one instance, was found to be about 
Pe fJp3 ; in another it was Pe ffp^. These products are apparently 
soluble in water ; but the liquor is slightly opaline when looked 
at, though it is clear when seen by transmitted light. The crys- 
tals themselves therefore change to a substance almost perfectly 
soluble in water, while solutions of the crystals, by spontaneous 
decomposition, become rusty, a portion of the peroxyd assuming 
the inert, insoluble state. 

The foregoing experiments show that neutral solutions, even 
when very strong, will bear a pretty high temperature. Weak 
solutions may be brought for a moment to the boiling point 
without immediate injury . l^\x.\» ^ij^idi ^<^\I^il\Qiv^ mwsJj^x^ ^ chaiiQi 
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nnich more readily, and the greater the quantity of acid the less 
stable are they. 

Crystals of protonitrate of iron, well drained and dried at a 
very low temperature, were found to yield by ignition 27*565 p. c. 
of ferric oxyd. The formula must therefore be FeO, NO^, 6H0, 
which would correspond to 27*778 p. c. of peroxyd. 

A solution saturated at 0° C, yielded a quantity of peroxyd 
equivalent to 663 p. c. of the crystals. So at 0° the salt is solu- 
ble in half its weight of water. 

A solution saturated at 15° C, contained 71 p. c. of crystals. 
Itssp.gr. was 1*48. 

A solution saturated at 25° C, contained 75 p. c. of crystals. 
Its sp. gr. was 1*50. At 25° C, then the crystals are soluble in 
one-third their weight of water. 

The slight diflference in strength between cold and warm solu- 
tions, as well as the instability of the solid salt, shows the inex- 
pediciency of attempting to do anything with it except in the 
coldest weather. 



r Art. XXXIV. — Some Indications of a Northward Transportation 
of Drift Materials in the Lower Peninsula of Michigan; by 
Professor Alexander Winchell. 

Throughout the northern part of Lenawee and Hillsdale 
counties, the southern and eastern parts of Jackson, and the 
southern and western parts of Washtenaw county, are found 
numerous tabular, detached masses of limestone, sometimes crop- 
ping out on a hill side, like a ledge in place, and sometimes im- 
bedded two or three feet in the sand and gravel at the summit. 
The position of these masses is generally nearly horizontal, 
though for the greater part slightly tilted in one direction or an- 
other. They sometimes present an extent of six, eight, or 
twelve feet square; and in occasional instances even more, so as 
to offer every appearance of an outcropping formation. In some 
cases many hundred bushels of lime nave been burned from 
them before exhaustion. Underneath them we find the semi- 
stratified drift materials so characteristic of the general surface 
of the peninsula. At the bottom of the drift, which in some 
places is not over ten or twenty feet deep, we find the rocks of 
the Huron, or more frequently the Marshall group, in place. 
Many patches, nevertheless, occur as far north as the outcrops of 
the Carboniferous limestone, and create great confusion in trac- 

? ing the latter formation unless the fossils are strictly attended to. 
Smaller fragments of the same limestone are still more abund- 

l ant throughout the same limits; and, by their disintegration. 
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have imparted a highly calcareons element to the soil, crcn 
along the arenaceous belts. The percolation of meteoric waten; 
in tarn, has given rise, in great abundance, to calcareous springi^ 
and deposits of marl, tufa and travertin. 

In the southwestern part of the peninsula, in the counties of 
Berrien, Van Buren and Ottawa, similar phenomena are again 
observed. The calcareous element of the soil is even more 
abundant; and large patches of sand have become firmlj. 
cemented, so as to present the consistency and appearance k 
ledges of sandstone. It really requires an extenaed series of 
observations to convince one's self that the region does not fa^ 
nish considerable outcrops of a sandstone formation — especially 
as numerous blocks of undoubted Marshall sandstone occur 
upon the surface. 

Some examples of these phenomena may be more definitely 
cited. On the S.W. J S.E. i sec. 18, Woodstock, Lenaweo 
County, (221)/ in the side of "Prospect Hill," limestone ocean 
in tabular masses six by twenty feet, and seven feet thick. An 
old lime-kiln stands near. Similar limestone occurs on the S.E. 
\ S.W.i sec. 12, Woodstock (228) and S.'W.i S.E.i sec. t 
From the latter locality several hundred bushels of lime have 
been burned. On sec. 3 of the same township, the Marshall 
sandstone is reached at the depth of 4 to 12 feet from the sur- 
face. On sec. 4 the sandstone is known to be over 75 feet thick; 
so that there can be no mistake in assuming it to be in place. 
On the N.E. J N. W. i sec. 6, Woodstock (280), is a large tabular 
mass 10 feet long and known to be over 6 feet broad. The dip 
is toward the east. 

On the N.W. } N.W. J, sec. 32, Columbia, Jackson county, 
(233) is a mass of limestone. Sixty rods north of here the sand* 
rock is known to be within 20 feet of the surface, and has been 
penetrated 44 feet. On sec. 30 it has been penetrated 60 feet 
On the N.W. i N.W. i sec. 26, Liberty, Jackson county, (286), 
masses of limestone are so abundant that a kiln has been con- 
structed and several hundred bushels of lime manufactured. At 
the time of my visit, about 35 cords of wood were piled by the 
kiln, indicating considerable confidence in the resources of the 
quarry. Fragments of Marshall sandstone, with its fossils, are 
abundant, mingled with the fragments of limestone. Similar 
masses of limestone may be seen again on N.W. i N.E. { sec 
26, Hanover, (239), and on the S.W. i N.E. i same section, (240). 
Several wagon loads of fragments have been removed from the 
subsoil over the principal mass at the latter place. On the S.R 
J S.E. ij same section, a common well reached the Marshall 
sandstone at the depth of 35 feet, and was excavated 40 feet in 
the rock. The hills on N.E. i N.E. ^ sec. 83, same township, 
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(243), are filled with fragments of limestone, while the Marshall 
sandstone is struck at the depth of 50 feet on sec. 35, and at 30 
feet on sec. 27. Farther north, on sees. 10 and 11, Leoni, (92 
and 206), similar fragments again occur. Also on sec. 25, Grass 
Lake, (208). At a place one mile northeast of Franciscoville, 
(209), 20,000 bushels of lime have been manufactured in ten or 
twelve years. 

In the adjoining parts of Washtenaw county, several kilns 
proclaim the presence of extensive nests of limestone. Even 
within the corporate limits of the city of Ann Arbor an exten- 
sive deposit has been quarried ; and just beyond the limits, on 
the east, are the ruins of a limekiln which, many years ago, ex- 
hausted still another deposit. 

Similar masses of limestone occur in Hillsdale county, one 
half mile southwest of Jonesville, (270) ; on S.W. \ N.W. { sec. 
21, Allen, (274) ; KE. \ N.W. '^ sec. 21, Adams, (289) ; S.E. \ 
N.E.-i sec. 22, Adams, (291); N.E. i N.E. i sec, 24, Adams, 
(292) ; S.W. J N.W. { sec. 19, Woodbridge, (296), and in many 
other localities. 

In the southwestern part of the state, on the S.E. { N.W. \ 
sec. 11, Hartford, Van Buren county, (415), limestone is found 
within two feet of the surface over the space of three or four 
square rods. One hundred rods north of here the wells are 
from 40 to 100 feet deep, without reaching any native rock — 
though thick beds of cemented sand and gravel are frequently 
encountered- 

Oa the S. W. i sec. 17, T. 7 N.R 13 W, Ottawa county, (438) is 
the last occurrence that will be cited. Several slabs 3 or 4 feet 
long have been removed, and others remain, over an area of at 
least a square rod. 

It is quite evident that such masses of stratified limestone 
have not been rolled to the same extent as the quartzose and 
gneissoid boulders which constitute the most striking feature of 
the ** northern drift " of the same regions. By some agency 
these tables have been lifted gently from their original sites 
and carefully deposited where we find them. Paying no regard 
to their included fossil remains, it might be imagined that they 
constitute the ruins of the Carboniferous limestone formation, 
whose place is between these fragments and the centre of the 
peninsula. This formation gently rises toward the periphery of 
the peninsula, and at certain distances from its present outcrops 
would intersect the highest diluvial hills in the places occupied 
by the fragments which I have described ; and which, for this 
reason, might be imagined as marking the outermost limits of a 
once continuous formation of Carboniferous limestone. The 
abundant fossil remains contained in these fragments, however, 
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not to speak of their lithological characters, convince us that the 
rock belongs to a much earlier epoch. 

In short, no doubt could be entertained by one who has ex- 
amined the subject, that these fragments appertain to the age of 
the Corniferous limestone. The rock, in structure, is irregular, 
often brecciated, with streaks and nests of bituminous and a^ 
gillaceous matter. At other times it is compact and massive. 
Not unfrequently it presents the peculiar structure known as 
"lignilites. All these characters belong to the Corniferous 
limestone as exposed along the western shore of Lake Erie, and 
at numerous points throughout the county of Monroe. 

Turning to the more reliable evidence of the fossil remains, 
it may be stated that the following are examples of the more 
frequent identifications: 

At 92, Ueliophyllum Canadense Billings, Clisiophyllum Onei* 
daense Bill., Acervularia Davidsoni E. & H., Gonocardium tingonab 
Hall, Proetus crassimarginatus Hall, Amplexus and Favosites. 

At 182, Lucina proavia Goldf., Gonocardium trigonale^ Den* 
ialium and Fenestella, 

At 208, Lucina proavia and three species of Bryozoa. 

At 230, Slrophomena rhomhoidalis Wahl, Chonetes glabra Hall, 
Spirifera gregaria Clapp, Airypa reticularis Dal. 

At 238, Chonetes hemispherica Hall, Atrypa reticularis, OyrUh 
donta (Vanuxemia) Tompkinsi Bill, Pleurotomaria rotunda^ HalL 

At 270, Chonetes lineata Hall, Atrypa reticularis. 

At 289, Chonetes lineata^ C. glabra Hall, Atrypa reticularis^ 
Leiorhynchus raullicosta Hall, Rhynchonella Thalia Bill., Lucina 
proavia^ Proetus crassimarginatas Hall, Platyceras and Proetus sp.? 

At 291, Gy a thophy Hum Zenker i BW]^ Chonetes lineata, GglahrOy 
Orthis Vanuxemi Hall, Strophomena hemispheinca^ S. rhomhoidalis^ 
Spirifera varicosa Hall, S, gregaria, Atrypa reticularis, ChariomOa 
scitula Bill., Rhynchonella Thalia, Lucina proavia, Conocardium 
trigonale, Proetus crassimarginatus, Fenestella, Producta (two spe- 
cies), Streplorhynchus, Aihyris, Platyceras, 

At 292, Orthis Vanuxemi, 0, propinqua Hall. 

At 296, Chonetes glabra, C, arcuata Hall, Stricklandia elongabi 
Bill. 

At 298, Strophomena hemispherica. 

The following are the more common Corniferous fossils occur- 
ring in the Drift at Ann Arbor : 

Favosites Gothlandica Goldf, F, cervicomis De Blainv., F, iwr- 
binata Bill., F, polymorpha Goldf., F, (Emmonsia) hemispheriea 
Y. & S. sp., Fistulipora Canadensis Bill., Michelinia cowwzfl 
D'Orb., iL/avosoidea Bill., Alveolites labiosalBiW,, A, i?a;mcrt* Bill.» 
Syringopora perelegans Bill., S, Hisingeri Bill,, S, i/acZuret Bill.« jS 
nobilis Bill, Stromatopora concentrica Lonsd., Cyathophyllum Zea* 
keri Bil].| Zciphrentis prolifica Bill., Clisiophyllum Oneidaense Bill^ 
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HtUophylixwi Eriense Bill., H. eociguum Bill., Cystipliyllum Amei^- 
canutn E. & H., Bhthrophyllum decoricatum Bill., Diphyphyllum 
Archiaci^ Bill., PkiUipsastrcea Vernemli E. & H., P. grga^s Owen, 
sp., Acervularia Davidsoni^ E. & H., Tentaculites scalaris Sclilot., 
Chonetes glabra Hall, G, hemispherica Hall, Strophomena hemis* 
pherica H., S.perplana Con., /& inceqmradiata H., ;& demissa Con., 
Orihis propinqua H., 0. Eryna H., Amhocodia umhonata Con. sp., 
Spirifera gregana Clapp, aS*. varicosa H., aS acuminata Con. sp., 
Leiorhyndius multicosia^ Hall, Nucleospira concinna^ Hall, C^a?-- 
ionelki scitula Hall, sp., Atrypa reticularis Dal., .4. impressa H., ^4. 
asperaf Hall, Merisieila unisulcata Con., sp., AT. nasuta Con., sp., 
Leptoccelia concava H., Pentamerus aratus Con., sp., Strichlandia 
€longata Vanux., sp , Gentronellaglansfag^a Hall, sp., Ehyncho7)ella 
TlialUi Bill*, Lucina proavia Goldf., Conocardium trigonale Hall, 
8p., Platyceras Thetis H., P.crassum H., P. cZwwosMwCon., Platyos- 
ioma strophius H., Murchisona Leda H., Proetus crassimarginalus 
H., and more than two dozen species which seem to be unde- 
scribed. 

If no reasonable doubt exists that these detached masses be- 
long to the Corniferous limestone, the next question which pre- 
sents itself relates to the region whence they have been derived. 
In view of the facts cited, it is evidently absurd to assume that 
no transportation has taken place ; for these masses of Cornifer- 
ous limestone are found resting over the Hamilton group, the 
Marshall group and the Carboniferous limestone — and, I am 
pretty well convinced, even in some cases, as far north as the 
Coal measures. There are insuperable objections to assuming 
that they have been transported with the great mass of drift 
materials from the northern outcrops of the rocks of this age at 
Mackinac and the surrounding region. First, the transporting 
agency has not moved masses of other kinds of rocks which at- 
tain to anything like the same dimensions. ^Secondly, That 
agency, if we may judge from the condition of the siliceous, 
trappean and gneissoid boulders of admitted northern origin, 
would have ground to powder so fragile and friable a rock as 
these limestones; or at least would have broken them into 
small fragments, and deposited them in a worn and rounded 
condition. Thirdly, If the Corniferous limestone could have 
been transported in such masses from its northern outcrops to 
southern Michigan, much more would the harder and more mas- 
sive Niagara limestone of the same regions have been similarly 

* These species of the Hamilton group are here includerl, because occurrino: in 
the Mirae frngments with admitted Corniferous (and Schoharie grit) species. The 
Lower Helderberg Leptoccslia concava is included fur the same reason. In none of 
the cases just referred to, however, do we experience any difficulty in discoverinj? 
•light constant peculiarities in the Corniftrous species. The richness of the exotic 
Drift fauna of this locality, in the number and state of preservation of its remaini^ 
tax ezceeda any that has been signalized by the geologists of the Old World. 
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transported. The same may be said of the Trenton limestone. 
We find, however, that fragments of these limestones are of 
rare occurrence; and the fossils of Silurian age scarcely sus- 
tain to those of the Corniferous limestone the ratio of one to 
one hundred, in the drift deposits of the southern poFtion of 
the state. Even the Carboniferous limestone, whose outcrop 
extends through Kent, Eaton, Jackson and Oakland counties, is 
scarcely represented among the drift materials of the region in 
question. It is apparent that we must look in another direction 
lOT the origin of these lost rocks. 

The nearest outcrop of the Corniferous limestone is in north- 
ern Indiana and Ohio, and the southeastern corner of Michi- 
gan*. Every fossil cited above is found in place in some part of 
that region. The formation dips under the peninsula of Michi- 
gan; and, throughout the area occupied by the lost masses in 
question, it lies from one hundred to twelve hundred feet beneath 
the surface — the depth of course increasing toward the center of 
the Carboniferous area. The circumstances suggest the exer- 
tion of some powerful agency acting northward with tremendous 
energy, but with a gentle and equable movement. It would 
seem as if the summit of the low anticlinal in the Corniferous 
limestone to the southeast of Michigan had been immersed in a 
shallow sea or lake, the freezing of which had incorporated the 
upper layers of the rock in an immense thickness of ice, which, 
by a rise in the water, had floated off as enormous ice-floes, 
bearing their cargoes of limestone northward till deeper and 
milder water loosened their icy hold, or they became stranded 
on the bosses which mark the belt of the Marshall sandstone. 
From the position of these masses in the " Modified Drift," as 
well as from the direction and gentleness of the movement, it 
would seem impossible that the events should have been con- 
temporaneous with the actions which characterized the great 
glacial epoch. 

Additional facts exist which seem to lead the mind further 
toward a belief in a northward acting post-glacial agency. The 
fossils of the Hamilton group, whose outcrop is along a belt ly- 
ing somewhat farther north than the Corniferous limestone, are 
scattered through the soil of the region lying still farther north, 
in a degree of abundance which bears about the same ratio to 
that of the Corniferous fossils as the attenuated Hamilton rocks 
bear to the Corniferous. Indeed it may be said that Spirifera 
mucronata is the most abundant single species in our drift; as it 
was certainly the most abundant species that lived in these 
parts of the Lower Devonian sea. Other common species of the 
Hamilton group are Ambocoelia umbonata Hall, Cyrtia Hamilton' 

' It probably underlies the drift materials of the eouthwestem angle of thi 
Bt&te and the adjaceut parts of Indiana, but no actual outcrops are known to exift 
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ensis Hall, Spirifsra Jiarcyf Hall, Spirigera concentrica Brown, sp., 
Platyceras attenuatum Hall, Dalmania Boothi Green, sp., and 
many others. These species exist in an admirable state of 
preservation, quite incompatible with the theory of their trans- 
portation from the far north ; and they occur across a belt of, 
the state reaching at least thirty miles north of the outcrop of 
the Hamilton rocks. 

Again, above the identifiable Hamilton rocks, we find, in this 
Btate, a great thickness of argillaceous and bituminous shales, 
destitute of fossils, but freighted with Kidney iron ore. Nod- 
ules of this ore* are strewn not only over the region of the out- 
crop of these "Huron" shales, but throughout Washtenaw and 
other counties lying over the upper Devonian and lower Car- 
boniferous strata — to say nothing of the occurrence of such 
nodules within the limits of the Coal measures, where, by some 
geologists, they might preferably be referred to the indigenous 
strata. 

Still again, the well marked fossiliferous beds of the Marshall 
sandstone, lying next above the Huron shales, and outcropping 
along a belt still farther north, is represented by a series of 
enormous fragments resting over the non-fossiliferous upper por- 
tions and the Carboniferous limestone. The lower, or fossilifer- 
ous portions of this formation do not outcrop farther north 
than Moscow, in Hillsdale county, while fragments of it have 
been transported in great abundance into the southern townships 
of Jackson county. The most notable example occurs in a deep 
railroad cut three miles north of Napoleon, where the abundant 
fossiliferous fragments led me for some time to suppose the 
actual outcrop must be in the immediate vicinity ; although I 
had found the non-fossiliferous Napoleon sandstone intervening 
between the locality and the most northern known outcrop of 
the fossiliferous beds at Moscow. I collected here a large pro- 
portion of the common fossils of the Marshall group such as 
Rhynchonella Sageriana, Choneies pukkeUa, Mydlina Michiganen- 
iisy Cardiomorpha modiolariSj TelUnomya Hubbardi, T, Stella^ 
PUrinea crenisiriata^ Cardium Napoleonense^ Solen scalpriformis, 
Bellerophon galericulatus^ Orthoceras Indianense^ Ooniatites Mar- 
ihaJlensiS) and numerous other species. The fossiliferous layers 
of the Marshall sandstone are decidedly friable — insomuch that 
it is in little request for building purposes — and it would seem 
absurd to suppose that these large fragments had been moved 
two hundred miles from the northern outcrop of the formation, 
W^hen a transfer of ten or fifteen miles from the southern out- 
srop would bring them to the position which they occupy. We 
should expect, also, if derived from the north, that some con- 
trast in the organic facies, due to local, if not to climatic causes, 
(RTOuld present itself; but on the contrary, we find the fauna of 
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the fragments strictly identical with that of the nearest indigen- 
ous rocks of the same age. 

The facts above cited recall some observations made several 
years since in Alabama, and which led at that time to impres- 
.sions similar to those just set forth. My observations were 
made especially upon the neighborhood of the junction of the , 
"Eotten Limestone" of the Upper Cretaceous, with the argilla- . 
ceous and arenaceous strata of the Lower Cretaceous. The i 
" Red Loam " of the central belt of the state, which I have evi- ; 
dences to prove to be but the Rotten Limestone altered in sitOf j 
or with slight transportation, has in many cases along the juno j 
tion of the upper and lower strata, been moved northward over 
the clayey and sandy region appertaining to the lower Creta- 
ceous ; where, by its admixture with diluvial sand and pebblei^ 
it is proved to be an exotic formation. 

I forbear to express any belief in reference to the former ex- 
istence of a transporting agency acting from the south to the 
north, over all or any portion of the interior of the continent; 
but such facts as I have cited cannot fail to call to mind the sag* 
gestions made some years since by President W. Ilopkini) 
touching the course the Gulf Stream would necessarily pursue, 
in case of the subsidence of the North American Continent*. 
The facts are of suf&cient importance to merit investigation; 
and it is to be hoped that other observers will inform us 
whether they are exceptional phenomena, or correspond, in con- 
nection with others, to some ancient, glacial or hydrographical 
area. 

Uaivenity of Michigan, August 4, 1865. 



Art. XXXV. — On the Crystallization of Sulphur and upon Ai 
Reaction between Sulphid of Hydrogen^ Ammonia and Aloohdj 
by Charles M. Wetherill, Ph.D. M.D. 

Sulphur, in three of its four allotropic conditions, has bceaj 
well studied, notwithstanding thedifficulties which the rapid pafrl 
sage of (y S) through {§ S) to (« S) presents to experimenlij 
upon the first two modifications. 

The most reliable specific gravities which have been assignrfj 
to the difibreat forms of sulphur are the following : 

Mai'chand &, Scheerer. Derills. 

Rhombic octohedral (« S) 2*045 2*07 

Oblique prismatic {§ S) 1 982 1-96 

The red, amorphous (-/ S) 1957 1-91 

* Quar. Jour. Geol Soc^ viii, 56. Reprinted, Am. Jour. Sd and Arts, [2], TtM 
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Regnault found the specific heat of (« S) = 0*20259, and 
Marchand and Scheerer that of (|?S) = 0-20684 During the 
passage of (y S) to (« S), a considerable amount of heat is evolved. 

Hence in the red amorphous variety, the molecules are more 
widely separated, and are in a condition of unstable equilibrium. 
In satisfying their tendency to approach each other, they assume 
(by the fusion method) the beta form of prisms of the monoclinic 
system ; but they soon pass into the condition of rest as rhombic 
octohedra (« S), of the trimetric system. This transformation 
takes place, as is well known in the solid prism, which is, without 
change of form, converted into numerous smaller crystals of (« S). 

According to Frankenheim, ^^gamma^^ sulphur, like other so- 
called amorphous bodies, possesses the property of crystalliza- 
tion ; but the manifestation of the phenomenon is prevented by 
the admixture of alpha and beta sulphur. Heat is the agent by 
which the («) form is converted into the (<^)and (y) modifications^ 
tnd has always been supposed to play an important part in the 
crystallization of this element. The ordinary or alpha sulphur, 
when crystallized from its solvents, sulphid of carbon, or oil of 
turpentine, reappears as octohedral alpha sulphur. 

Frankenheim, however, observed that when the body is pre- 
Qipitated from its solutions at a temperature approaching its point 
of fusion, it assumes the prismatic form of beta sulphur. 

Mitscherlich has shown that crystals of (/? S) are transformed 
immediately into (« S), when dipped into a solution of sulphur 
in sulphid of carbon. 

According to Pasteur, both forms of the element may crystal- 
lize from the above solvent. 

M. E. Eoyer determined the crystallization from a turpentine 
solution, either in a or ^ crystals, according to the temperature. 
Thus, when fifteen grams of sulphur were heated with two 
hundred and fifty grams of oil of turpentine, the solution boiled 
at 158° 0. Upon pouring one-half of the liquid into a glass 
vessel, so that a rapid cooling was effected, prisms were depos- 
ited ; while the remainder cooled slowly, yielded octohedrons, 
and not a single prism. 

Such experiments would appear to present an analogous con- 
dition to the prismatic crystallization by fusion, and subsequent 
change to the alpha form by rest. By the elevated temperature 
the molecules of sulphur are separated, and assume the relative 
positions required for (^ S) ; while,* during the slow refrigeration, 
they have time to arrange themselves into the rhombic octohe- 
dral form, in which they are in stable equilibrium. 

Each of the allotropic conditions has probably a correspond- 
ing vapor density and its own chemical affinities. 

The only known vapor density is that of {y S) ; the others not 
liaving been determined from their transformation to this modi- 
fication bj the heat required for the experiment. 
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Upon the assumption that sulphid of hydrogen has an atomic 
constitation analogous to that of water, the specific gravity of 
the vapor of the sulphur in the compound is (by calcolation) 
2 21126 ; but Dumas and Mitscherlich determined the densitv d 
the vapor of sulphur {y S) itself to be three times this number, 
or 6'63378. It has hence been inferred that the hydrogen sal- 
phid is not constituted like water; but is composed of one vol- 
ume of hydrogen to one-sixth of a volume of sulphur. j 

If, however, we were acquainted with the true vapor density i 
of (a S), it may be presumed that a calculation involving this 
element would establish an analogous constitution for sulphid of 
hydrogen and water, two bodies resembling each other so much 
in their chemical behavior. 

Otto supposes that sulphur occurs in H S and in most of its 
combination as (a S), and that perhaps in the persulphids of po- 
tassium &c., and in the sulphur acids which contain two, three, 
and four atoms of that element, it exists in the condition of fiot 
y sulphur. 

When sulphur is dissolved in the fat oils at a moderate tem- 
perature, a large portion of the element separates on cooling tf 
a yellow powder (« S) ; but if the temperature be elevated, as in 
the preparation of balsamum sulphuris, the sulphur remains in 
solution, probably as {y S)? d'^d a tenacious gelatinous mass is 
the result of the reaction (Otto). 

This chemist infers that since the vapor density of (y S) is 
(hrice that of (« S), the specific gravity of the vapor of S) is 

Erobably double that of (« S). If this assumption be correct we 
ave in sulphur an allotropism like the the polymerism of com- 
pound bodies. 

From these considerations, the question of the crystal form of 
sulphur in the act of separation from any of its compounds be- 
comes one of great interest. 

One of these instances, the subject of this article, has been 
presented accidentally to my notice. 

An experiment was instituted to ascertain whether the prcfr 
ence of copper in alkaline solution (ammonia oxyd of copper) 
would determine a decomposition of glucose different from that 
effected by the alkali alone. The ammonia copper was added 
to a boiling solution of glucose until the blue color of the 
former was no longer discharged. Upon cooling, alcohol wii 
added and then sulphid of hydrogen was passed through the 
liquid to separate the copper. On the next morning the filtrate 
contained a quantity of beautiful prismatic crys tals of sulphur, 
of which some exceeded an inch in length. When spread upon 
filter paper to dry they became opaque, and broke up reaoilj 
into granules. 

To ascertain whether the products of decomposition of the 
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glucose effected the crystallization, a liter of 94 p. c. alcohol was, 
on July 4, 1864, saturated first with ammonia, then with sulphid 
of hydrogen, and was placed in a loosely stoppered bottle upon 
a shelf in the laboratory of the Smithsonian Institution, where 
it remained undisturbed until May 26, 1865. 

At this time the sides of the bottle were coated with white, 
slightly nacreous crystals, which were more numerous upon the 
part of the bottle most exposed to the light. The formation of 
these crystals commenced upon the day after the saturation with 
the hydrogen sulphid. The solution was of brownish deep red 
color. The crystals measured -J-th of an inch in diameter, and, 
under the microscope, had the appearance of scales or plates, 
with rounded, ill-defined contour. A few appeared to be hex- 
agonal and a very few were of spear shape. They were all 
completely soluble in water, more slowly so in alcohol, yielding 
a solution of faint acid reaction. They lost ammonia upon being 
heated with caustic potassa. Their solution treated with sul- 
phuric acid evolved sulphurous acid and deposited sulphur. 
Heated upon platina foil they evaporated without previous 
fusion. Their taste was sharp and biting. Heated in a tube' 
they yielded a deliquescent sublimate which contained sulphur. 
Their solution did not blacken acetate of lead, but gave a white 
precipitate with this reagent. With nitrate of baryta a white 
precipitate, insoluble in hydrochloric acid, fell after a short time. 
With nitrate of silver a precipitate was obtained which passed 
gradually from white through yellow and brown to black. It 
follows from these reactions that the crystals are hyposulphite of 
ammonia. Rammelsberg gives for the constitution of this salt 
the formula 3(NH,0, S203,)+H0. 

K the experiments had rested at this point, the erroneous 
inference would have been drawn from them that the presence 
of organic matter (from the glucose,) occasioned the prismatic 
crystallization of sulphur; but the solution in the last example 
was filtered to remove the crystals ; and the clear liquid was re- 
turned to the bottle. The crystals were washed upon the filter 
with a little alcohol, which was suffered to drop into the bottle 
and formed a stratum of a few lines in depth upon the surface 
of the dark colored solution. 

On the next day a beautiful crystallization of sulphur in 
prisms was observed, and its advance was watched for several 
days. The crystals formed upon the sides of the vessel at the 
surface of the liquid, extended inwards, and developed them- 
selves downward. In proportion as they grew, the liquid ex- 
changed its dark red for a light amber color until the whole of 
the solution had acquired that tinge, the advance being from the 
surface, downward. The prisms were very slender, and termin- 
ated in planes oblique to the axis of the crystal. Not a single 
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octahedron was detected. By their insolubility in water, and by 
heating upon platina foil they were proved beyond a doubt to be 
sulphur. Some of the crystals measured over two inches in length; 
they were at first transparent, and of a canary yellow color. 

On the second day after their api)earance they had lost their 
transparency, and the microscope showed them to be full of 
fissures. Very minute crystals were formed upon the prisms 
and upon the sides of the bottle. Those occupying the latter 
position were magnified with a high power, ana appeared to be 
bushes or star-shaped groups of prismatic crystals, radiating 
from a central globular and minute molecule. On the third day 
the latter crystals had become suflBciently developed to show 
that they were not prisms but rhombic octahedra, and that the 
crystals strung along the primary prisms like beads, were also 
rhombic octahedra. These crystals were all truncated as to their 
apices by planes perpendicular to the principal axes. The simi- 
lar faces (0) of the lines of octahedra situated along the primary 
prisms were contained in parallel planes. These octahedra did 
not appear to have resulted from a breaking up of the primary 
prisms ; but to be deposited upon the latter. I inferred that the 
prisms were at first (i^S), in which a change to multitudes of 
octahedral crystals of (« S), contained within the prism, was ef- 
fected ; and that the contact of this group of (a S) crystals with 
the sulphur separating gradually from its solution determined 
the crystallization, in the neighborhood of the altered prisms^ accord- 
ing to the alpha modification. It was remarkable that while this 
octahedral crystallization was going on, transparent pris7natic crys- 
tals were forming in other parts of the solution, and I supposed 
at first that the prisma might belong to the trimetric system ; but 
long observation of them assured me that they were monoclinic. 

On June 4th the separation of the sulphur was complete from 
the liquid, which was of amber color. At this time other crys- 
tals in the form of transparent scales were forming. These 
were ascertained, by the taste and action of reagents, to be hy- 

{)osulphite of ammonia. There was nothing new in the crystaJ- 
ization of the sulphur except the very instructive fact that 
where a prism had fallen from the side of the vessel to the bot- 
tom, the sulphur had crystallized in beautiful, well defined 
rhombic octahedra, with perfect apices, and which were as clear 
and colorless as rock crystal. They were arranged in rows, thus 
indicating the former positions of the prisms upon the bottie. 

All of these crystals were first treated with water to dissolve 
the hyposulphite of ammonia. When this was performed under 
the microscope, the transparent scales were seen to disappear, 
and there remained octahedrons and prisms, some of which bad 
imperfect octahedral crystals deposited upon them. The prisma 
appeared granular and were of canary color ; the octahedrons 



C M. Wetherill on the crystallization of Sulphur. 348 

were almost white. When heated, and observed thus with the 
microscope, the crystals became of deep yellow color, and by ele- 
vating the temperature fused, yielding all of the characters of 
sulphur. It would seem to result from these experiments that 
sulphur exists in combination with hydrogen, (or perhaps with 
ammonium), in the B allotropic condition. We may readily 
conceive a change in the sulphur after it has been separated 
from the ? to the « modification ; but we cannot so reiidily 
imagine that it should leave its alpha form to assume the more 
unstable beta condition. 

We have also here an example of the crystallization of {1^ S) 
without heat Since the original prisms of beta sulphur are 
canary colored, and not of brownish tinge, it would seem that 
the prisms obtained by fusion owe their brown tint to p sulphur. 
The hypothesis may be ventured that the color of (« S) is white 
or very pale yellow, that of (/?S) yellow, that of (j'S) reddish 
brown and that of (<JS) nearly black. 

In the reaction between sulphid of hydrogen in the alcoholic 
©oiution of ammonium, sulphid of ammonium, distinguished by 
its odor, is at first formed; the smell is gradually exchanged 
for a strong and persistent one of sulphid of ethyl until at least 
no ammonium sulphid can be, by the proper reagents, detected 
in the liquid. The sulphur is then contained in the clear solu- 
tion partly as hyposulphite and in part as free sulphur dissolved, 
or in some manner kept from separating by the hyposulphite.* 
It is to this dissolved sulphur that the liquid owes its dark 
tinge, which depth of color came on gradually as the sulphid of 
ammonium was oxydized. When the solution lost a portion of 
its hyposulphite by crystallization, the free sulphur separated 
and the liquid lost its dark color. Then another portion of hy- 
posulphite of ammonia appeared in crystals. 

As the experiment has been set aside for further examination 
by slow crystallization, I am unable at present to say whether 
any sulphite of ammonia has been formed. The odor of free 
ammonia is very powerful, and the liquid contains sulphite of 
ethyl. A drop evaporated in the air upon a glass slide exhibits 
microscopic oil globules, having a strong smell of the sulphid of 
ethyl. The same globules may be absorbed by agitating the 
liquid with ether, precipitating by water, and suffering the 
ethereal solution to evaporate spontaneouslj^ in a watch glass. 

The liquid also contains hyposulphite of ammonia in solution, 
and there are no crystals in it at present. 

The following formula may illustrate its reaction : 
SNII^ S-|-50=NH4 0, Sg O2+2NH4 0+S ; 
and for the sulphid of ethyl, perhaps, 

NH4 S+C4 H, 0,H0=NH4 0,H0-f-C4 H^ S. 

' Are 7 S or j} S soluble iu the hyposulphite 9 
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I cannot say whether mercaptan was formed ; the odor ap- 
peared to be aiiFerent from that of this alcohol, and there was 
no action by the solution on oxyd of mercury. I have regarded 
the formation of the ethyl sulphid as without influence upon 
the peculiar crystallization of sulphur here described. It may 
however be otherwise, for MM. Dietzenbacher and Moutier (C. IL, 
Ix, 353) have recently discovered that naphthaline, camphor, 
creosote, oil of turpentine, carbon, &c., modify the condition of 
sulphur rendering it soft and plastic, as well as partially insolu- 
ble in sulphid of carbon. 



Art. XXXVL — On the History of Eozoon Canadense, 

WITH A PLATE. 

In volume xxxvii of this Journal, at p. 272, will be found a 
note to one of the Editors from Sir W. E. Logan, dated Feb. 17, 
1864, announcing the discovery in the Laurentian limestones of 
Canada of organic remains, which, after a careful microscopic ex- 
amination had been pronounced by Dr. Dawson, to belong to a 
gigantic Rhizopod. On page 431 of the same volume is a further 
note by Dr. T. Sterry Hunt, dated April 2, 1864, in which he 
states that in these organic remains the calcareous skeleton re- 
mains unchanged, while the sarcode is replaced by certain sili- 
cates, pyroxene, serpentine, and a mineral allied to chlorite in 
composition; the minute tubuli of the fossil being injected by 
these silicates in a manner analogous to that presented by the 
tertiary and modern Rhizopods, which are filled with glauconite. 

These were the first announcements of this remarkable discov- 
ery, which has since been zealously followed up. Specimens 
of this fossil, which Dr. Dawson has named Eozoon Canadense^ 
have been submitted to Dr. W. B. Carpenter of London, who in 
well known to be the great authority on Rhizopods, and the re- 
sult of his examinations has been to confirm completely the de- 
terminations of Dr. Dawson, and to add to the description by 
the latter some farther structural details, which the more perfect 
specimens examined by Dr. Carpenter enabled him to detect 

The results of the various investigations of the Eozoon are 
found in four papers published in the Journal of the Geological 
Society of London, for February, 1865. The first of these by 
Sir W. E. Logan describes the general geological relations of the 
Laurentian rocks, and is accompanied by two sections which we 
reproduce below. 

He also relates the history of the first discovery of the fossil, 
specimens of which were exhibited by him to the American 
Association, at Springfield in August, 1859 — and were then re- 
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garded by him and by Prof. James Hall as organic, although the 
microscope had as yet failed to detect the beautiful structure 
since found in such perfection in the specimens from other 
localities. 

Sir William Logan moreover recalls the fact that Dr. Hunt had 
already from the presence of iron-ore beds, graphite, and metallic 
sulphurets, argued for the existence of life during the formation 
of the Laurentian rocks. See on this point a paper read in Jan. 
1859 before the Geol. Society of London, and published in the 
Journal of that society, of which a review will be found in this 
Journal, [2], xxx, 134. This view is further developed in Dr. 
Hunt's paper on American Geology in this Journal, [2], xxxi, 
S96, where he concludes on chemical grounds to "the existence 
of an abundant vegetation during the Laurentian period." 

The second paper is by Dr. Dawson, and gives his zoological 
description of Eozoon and its afifnities, with a lithographed plate. 
The third is an extended note by Dr. Carpenter, in which he 
fully confirms the sagacious determination of Dr. Dawson as to 
the rhizopod characters and foraminiferal affinities of Eozoon, 
and is illustrated with a wood-cut and ten lithographed plates. 
In the fourth place we have a paper on the mineralogy of Eo- 
zoon by Dr. T. Sterry Hunt. 

These four papers are reprinted in the Canadian Naturalist for 
April, 1865, with a single lithographed plate containing selec- 
tions from the three just mentioned, and with the addition of a 
nature-printed section of Eozoon, both of which we place before 
our readers, together with extracts of the papers. 

The Eozoon has also been carefully studied by Prof. T. Eupert 
Jones, who in the Popular Science Review for April, 1865, has 
given an excellent paper on the geological and zoological relations 
of the new fossil, together with a colored plate. In addition to 
this the Intellectual Observer for May, 1865, contains an essay 
of twenty -four pages on the same subject by Dr. Carpenter, with 
two excellent plates. As a further contribution to the literature 
of Eozoon we may mention that the pages of the London Reader 
for June, contain a correspondence between Dr. Carpenter and 
Messrs. King & Rowney, of Galway, who venture to question 
the opinion of Messrs. Dawson, Carpenter and Rupert Jones as 
to the organic nature of Eozoon. This correspondence is chiefly 
interesting as giving from Dr. Carpenter the authorized an- 
nouncement by Milne-Edwards, that he, after a careful study, 
fully concurs in the views of the latter named observers as to 
the structure and affinities of Eozoon. 

We now proceed to notice Sir William Logan's description of 
the Laurentian rocks, the general facts in whose history are 
briefliy given in a paper by Dr. T. Sterry Hunt in this Journal, 
[2], xxxvi, 222. 
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"The oldest known rocks of North America are those which 
compose the Laurentide Mountains in Canada and the Adiron- 
dacks in the state of New York. By the investigations of the 
Geological Survey of Canada, they have been shown to be a 
great series of strata, which, though profoundly altered, consist 
chiefly of quartzose, aluminous, and calcareous rocks, like the 
sedimentary deposits of less ancient limes. This great mass of 
crystalline rocks is divided into two groups, and it appears that 
the Upper Laurentian or Labrador series rests unconformably 
upon the Lower Laurentian series. The united thickness of 
the two groups in Canada cannot be less than 30,000 feet, and 
probably much exceeds it. The Laurentian of the west of Scot- 
laud, also according to Sir Eoderick Murchison, attains a great 
thickness." In that region the Labrador series had not until re- 
cently been certainly recognized, although from the descriptions 
of Mcculloch, and from an examination of the specimens col- 
lected by him, and now in the Museum of the Geological Society 
in London, Dr. Hunt in 1863, had expressed the opinion that 
the rocks of Skye belong to this series. (See as above, page 
226.) Prof Haughton of Dublin has since visited the islands of 
lona and Skye, and contirraed the observations of Dr. Hunt. 
(Geol. Magazine, Feb. 1865, page 73.) 

The labradorite and hypersthene rocks from that island are 
identical with those of the Labrador series in Canada and New 
York, and unlike those of any formation at any other known 
horizon. This resemblance did not escape the notice of Em- 
mons, who, in his description of the Adirondack Mountains, re- 
ferred these rocks to the hypersthene-rock of McCulloch, al- 
though these observers, on the opposite sides of the Atlantic, 
looked upon them as unstratified. 

Sir William then proceeds to notice the ancient gneiss which in 
Bavaria and Bohemia underlies the primordial zone, with a great 
intervening mass of clay slates. This old gneiss, which is esti- 
mated by Giimbel and Crejci to have a thickness of 90,000 feet, 
may, as Sir William suggests, include both the Upper and Low- 
er Laurentian, and perhaps the Huronian, which is believed to 
be more recent than the Labrador series, although the two groups 
have never yet been found in contact. He then proceeds to re- 
mark: 

**The united thickness of these three great series may possi- 
bly far surpass, that of all the succeeding rocks from the base of 
the Palaeozoic series to the present time. We are thus carried 
back to a period so far remote, that the appearance of the so- 
called Primordial fauna may by some be considered a compara- 
tively modern event. We however find that even during the 
Laurentian period, the same chemical and mechanical processes 
which have ever since been at w^ork disintegrating and recon- 
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iting tli8 earth's crust were in operation 
ow. In the conglomerates of the Hu- 
m series there are enclosed boulders ^ 

'ed from the Laurentian, which seem 
low that the parent rock was altered to ^ "^ 
resent crystalline condition before the -'^f 
■sit of the newer formation; while in- ^-o 5* **• 
ratified with the Laurentian limestones "2"^ !• 
; are beds of conglomerate, the pebbles ppffi «*. 
'hich are themselves rolled fragments c = " =- 
n older laminated sand-rock, and the 
ation of these beds leads us still further 
the past." 1^ 

[n both the Upper and Lower Lauren- g 
series there are several zones of lime- § 
i, each of sufficient volume to constitute ' 
^dependent formation. Of these cal- 
ms masses it has been ascertained that 
!, at least, belong to the Lower Lauren- 

But as we do not as yet know with ji.'i:." 
anty either the base or the summit of ^^JJ 
series, these three may be conformably %Z.% 
wed by many more. Although the ig s^ 
er and Upper Laurentian rocks spread |-?2. 

more than 200,000 square miles in S I 
ida, only about 1500 square miles have = 
leen fully and connectedly examined in k 
snedistnct; and it is Still impossible to | 
I'hether the numerous exposures of Lau- g 
an limestone met with in other parts of p 
province are equivalent to any of the 
J zones, or whether they overlie or 
irlie them all." ■« h *-. 

this connection are given the two fol- ot,™ 
ng sections, which serve to show the Ijg 
;ture of the Lower Laurentian rocks, ^^a. 
Lheir relation to the overlying Labrador "^3 
Lower Silurian series. -■? 

le Eozoon Canadense occurs at Gren- f-g | 
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, and in the Petite Nation seigniory at 
.wo points indicated in the first section, 
in both places in the third or upper- 
. band of the Lower Laurentian lime- 
3. The same fossil has also been ob- 
:d to the south of the Ottawa, in Bur- 
and farther west at the Grand Calumet "■ " 

le Ottawa, in both instances in a limestone band whoee pre- 




e'. Second limestone. 

e. Second gneiss. 

f. First limestone. 
/. First gneiss. 
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cise place in the series has not been determined, nor is it known 
whether the fossil extends to the two lower conformable lime- 
stone bands, or to the calcareous zones in the unconformable 
Upper Laurentian series. 

"The Grenville zone of limestone is in some places about 
1500 feet thick, and it appears to be divided for considerable dis- 
tances into two or three parts by very thick bands of gneiss. 
One of these bands occu- ,:,. « „ .. m 

pies a position toward the ^'^' M^untZ m'mil 7 
lower part of the limestone, ^^^ ^ ^l ^^^' 

and may have a volume of 
between 100 and 200 feet. 
It is at the base of this 
limestone formation that 
the fossil occurs. This part j^ ______ ^^„^.^ 

of the zone is largely com- f f ee' de' ef f f 

posed of great and small 5. xjpper Laurentian, 

irregular masses of white c. Fourth gneiss, 
crystalline pyroxene, some ^'.Th|rd limestone. 

/ . 1 A i. j« • ». Third gneiss. 

of them twenty yards in ^ 

length by four or five wide. They appear to be confusedly 
placed one above another, with many ragged interstices, and 
smoothly-worn, rounded, large and small pits and sub-cylindri- 
cal cavities, some of them pretty deep. The pyroxene, thongh 
it appears compact, presents a multitude of small spaces filled 
with carbonate of lime, and many of these show minute struc- 
ture similar to that of the fossil. These masses of pyroxene 
may characterize a thickness of about 200 feet, and the inter- 
spaces among them are filled with a mixture of serpentine and 
carbonate of lime. In general a sheet of pure dark green ser- 
pentine invests each mass of pyroxene ; the thickness of the 
serpentine, varying from the sixteenth of an inch to several 
inches, rarely exceeding half a foot. This is followed in differ- 
ent spots by parallel waving, irregularly alternating plates of 
carbonate of lime and serpentine, which become gradually finer 
as they recede from the pyroxene, and occasionally occupy a 
total thickness of five or six inches. These portions constitute 
the unbroken fossil, which may sometimes spread over an area 
of about a square foot, or perhaps more. Other parts, immedi- 
ately on the outside of the sheet of serpentine, are occupied with 
about the same thickness of what appear to be the ruins of the 
fossil, broken up into a more or less granular mixture of calc- 
spar and serpentine, the former still showing minute structure; 
and on the outside of the whole a similar mixture appears 
to have been swept b}- currents and eddies into rudely parallel 
and curving layers; the mixture becoming gradually more 
calcareous as it recedes from the pyroxene. Sometimes beds of 



On Eazaon Canadense. 



349 



istone of several feet in thickness, with the green serpentine 
e or leas aggregated into layers, and studded with isolated 
ps of pyroxene, are irregularly interstratified in the raaes 
jck ; and less frequently there are met with lenticular patches 
indstoneorgranularquartzite, of afoot in thickness and seve- 
?ards in diameter, holding in abundance small disseminated 
es of graphite," 
The general character of the mass produces the impression 

it is a great Foraminiferal reef, in which the pyroxenic 
363 represent a more ancient portion, which having died, and 
ing become much broken up, and worn into cavities and deep 
sses, afforded a seat for a new growth of Foraminifera, rep- 
uted by the caloareo-serpentinous part. This in its turn be- 
e broken up, leaving in some places uninjured portions of 
general form. The main difference between this Foraminif- 

reef and more recent coral-reefs seems to be that, while with 
latter are usually associated marine shells and other organic 
ains, in the more ancient ones the only remains yet found are 
■e of the animal which built the reef" 

he structure and appearance of the unbroken fossil will be 
erstood from the following nature- printed section, the prepa- 
Dn of which is thus described by Dr. Hunt. 
The replacing min- 

in this specimen 
ig serpentine, the 
areous septa were 
olved from the pol- 
d surface by the 
3n of an acid, and 

fine material re- 
;ing the tubuli hav- 

been removed by 
aid of a brush, a 
; mould of the 
.ed surface farn- 
d the electrotype !^ 

from which the ''^- 
ve figure is printed. 
) lights thus repre- 
; the calcareo us sic el - 
I, and the shaded 
:ion a thick mass of 
lentine, which is 
inguisbable from a 
tiguous thin stra- 

of the same min- 
, that seems to form 

^ Joua. Bci-SxcoKD SzBiM, Vol. XL, No. 190,— i<ov.,taas, 
45 
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the base of the Eozoon. The gradual passage from the vide 
chambers and thick septa to the narrower and thinner ones, and 
finally to the irregularly aggregated mode of growth, designate d 
by Dr. Carpenter as acervuline, is well seen. The white patc}.(*8 
in the upper portion of the figure do not arise from any impi?r» 
fection in the electrotype, but represent the irregular growth of 
this part of the calcareous skeleton." 

Slices of the fossils having been prepared for microscopic ex- 
amination, and submitted to Dr. Dawson, were at once recog- 
nized by him as presenting the characters of Foraminiferal shells. 
After a careful examination of a large number of specimens he 
named and described the fossil as follows. 

'* Eozoon Canadense ; gen. et spec, nov, 

General form, — Massive, in large sessile patches or irregular 
cylinders, growing at the surface by the addition of successivo 
lamina. 

Internal structure, — Chambers large, flattened, irregular, with 
numerous rounded extensions, and separated by walls of varia- 
ble thickness, which are penetrated by septal orifices irregularly 
disposed. Thicker parts of the walls with bundles of fine branch- 
ing tubuli." 

The grounds on which he inferred its foraminiferal Character 
are thus stated by Dr. Dawson : 

"1. The serpentine and pyroxene which fill the cavities of ibe 
calcareous matter have no appearance of concretionary struc- 
ture. On the contrary, their aspect is that of matter introduced 
by infiltration, or as sediment, and filling spaces previously ex- 
isting. In other words, the calcareous matter has not been 
moulded on the forms of the serpentine and augite, but these 
have filled spaces or chambers in a hard calcareous mass. This 
conclusion is further confirmed by the fact, to be refered to in 
the sequel, that the serpentine includes multitudes of minute for- 
eign bodies, while the calcareous matter is uniform and homoge- 
neous. It is also to be observed that small veins of carbonate of 
lime occasionally traverse the specimens, and in their entire ab- ^ 
sence of structures other than crystalline, present a striking con- 
trast to the supposed fossils." 

" 2. Though the calcareous laminae have in places a crystal- 
line cleavage, their forms and structures have no relation to this. 
Their cells and canals are rounded, and have smooth walls, 
which are occasionally lined with films apparently of carbonace- 
ous matter. Above all, the minute tubuli are different from 
anything likely to occur in merely crystalline calcspar. While 
in such rocks little importance might be attached to external 
forms simulating the appearances of corals, sponges, or other or- 
ganisms, these delicate internal structures have a much higher 
claim to attention. Nor is there any improbability in the pres- 
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ervation of such minute parts in rocks so highly crystalline, 
Bince it is a circumstance of frequent occurrence in the microscopic 
«>xamination of fossils that the finest structures are visible in 
Hpecimens in which the general form and the arrangement of 
^arts have been entirely obliterated. It is also to be observed 
that the structure of the calcareous laminae is the same, whether 
the intervening spaces are filled with serpentine or with py- 
roxene." 

** 3. The structures above described are not merely definite 
and uniform, but they are of a kind proper to animal organisms, 
and more especially to one particular type of animal life, as 
likely as any other to occur under such circumstances; I refer 
to that of the Ehizopods of the order Foraminifera. The most 
important point of aifference is in the great size and compact 
habit of growth of the specimens in question ; but there seems 
no good reason to maintain that Foraminifera must necessarily 
be of small size, more especially since forms of considerable mag- 
nitude referred to this type are known in the Lower Silurian. 
Prof. Hall has described specimens of Beceptaculites twelve inch- 
es in diameter ; and the fossils from the Potsdam formation of 
Labrador, referred by Mr. Billings to the genus Archczocyathus^ 
are examples of Protozoa with calcareous skeletons scarcely infe- 
rior in their massive style of growth to the forms now under con- 
sideration." 

"These reasons are, I think, sufficient to justify me in regard- 
ing these remarkable structures as truly organic, and in search- 
ing for their nearest allies among the Foraminiferay 

** Supposing then that the spaces between the calcareous lam- 
inae, as well as the canals and tubuli traversing their substance, 
were once filled with the sarcode-body of a Rhizopod, compari- 
sons with modern forms at once suggest themselves." 

*'From the polished specimens in the Museum of the Canadi- 
an Geological ourvey, it appears certain that these bodies were 
sessile by a broad base, and grew by the addition of successive 
layers of chambers, separated by calcareous laminae, but commu- 
nicating with each other by canals or septal orifices sparsely and 
irregularly distributed. Small specimens have thus much tho 
aspect of the modern genera Carpenteria and Polytrema, Like 
the first of these genera, there would also seem to have been a 
tendency to leave in the midst of the structure a large central 
canal, or deep funnel-shaped or cylindrical opening, for commu- 
nication with the sea-water. Where the laminae coalesce, and 
the structure becomes more vesicular, it assumes the 'acervuline' 
character seen in such modern forms as Nuhecularia,^^ 

"Still the magnitude of these fossils is enormous when com- 
pared with the species of the genera above named ; and from the 
specimens in the larger slabs from Grenville, in the Museum of 
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the Canadian Survey, it would seem that these organisms grew 
in groups, which ultimately coalesced, and formed large masses 
penetrated by deep irregular canals; and that they continued to 

frow at the surface, while the lower parts became dead, and were 
lied up with infiltrated matter or sediment. In short, we have 
to imagine an organism having the habit of growth of Oarpen- 
ieria, but attaining to an enormous size, and by the aggregation 
of individuals assuming the aspect of a coral reef" 

"The complicated systems of tubuli in the the Laurentian fos- 
sil indicate however a more complex structure than that of any 
of the forms mentioned above. I have carefully compared these 
with the similar structures in the ' supplementary skeleton* (or 
the shell-substance that carries the vascular system) of Calcarina 
and other forms, and can detect no difference except in the 
somewhat coarser texture of the tubuli in the Laurentian speci- 
mens. It accords well with the great dimensions of these, that 
they should thus thicken their walls with an extensive deposit 
of tubulated calcareous matter; and from the frequency of the 
bundles of tubuli, as well as from the thickness of the partitions, 
I have no doubt that all the successive walls, as they were form- 
ed, were thickened in this manner, just as in so many of the 
higher genera of more modern Foraminifera,^^ 

Dr. Dawson further ascertained that certain parts of the fossil 
present that irregular mode of growth which Dr. Carpenter has 
designated as acervuline, and moreover that considerable masses 
of Laurentian limestones are made up of fragments of the fos- 
sils. He further points out the presence in these limestones of 
other fragments, which are probably organic, and which may in- 
dicate the existence of other animal remains. Films of carbon- 
aceous matter in some of these limestones also exhibit under the 
microscope forms which indicate that they may be the remains 
of plants. He further adds, that " although the abundance and 
wide distribution of Eozo'dn^ and the important part it seems to 
have acted in the accumulation of limestone, indicate that it was 
one of the most prevalent forms of animal existence in the seas 
of the Laurentian period, the non-existence of other organic be- 
ings is not implied. On the contrary, independently of the in- 
dications afforded by the limestones themselves, it is evident that 
in order to the existence and growth of these large Rhizopods, 
the waters must have swarmed with more minute animal or veg- 
etable organisms on which they could subsist. On the other 
hand, though this is a less certain inference, the dense calcare- 
ous skeleton of Eozoon may indicate that it also was liable to the 
attacks of animal enemies. It is also possible that the growtt 
of Eozoon^ or the deposition of the serpentine and pyroxene ia 
which its remains have been preserved, or both, may have beea 
connected with certain oceanic depths and conditions, and that 
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we have as yet revealed to us the hfe of only certain stations in 
the Laurentian seas." 

Subsequent to the above examination and description by Dr. 
Dawson, specimens of the new fossil from Grenville, and also 
more perfect ones from a similar and newly discovered locality 
in the Petite Nation Seigniory were taken to London by Sir Wil- 
liam Logan and submitted to Dr. Carpenter, who fully confirmed 
the above results, and made out some additional structure. More 
especially he observed in specimens from the new locality, the 
preservation of the fine tubulation of the original cell-wall, wnich 
had not before been clearly made out. The additional points 
are thus stated by Dr. Carpenter : 

" Although Dr. Dawson has noticed that some parts of the 
sections which he examined present the fine tubulation charao^ 
teristic of the shells of the Nummuline Foraminifera, he does 
not seem to have recognized the fact, which the sections placed 
in my hands have enabled me most satisfactorily to determine, — 
that the proper walls of the chambers everywhere present the 
fine tubulation of the Nummuline shell (plate, figs. 8, 6) ; a point 
of the highest importance in the determination of the affinities 
of JSozoon, This tubulation, although not seen with the clear- 
ness with which it is to be discerned in recent examples of the 
Nuramuline type, is here far better displayed than it is in the 
majority of fossil Nummulites, in which the tubuli have been 
filled up by the infiltration of calcareous matter, rendering the 
shell-substance nearly homogeneous. In Eozodn these tubuli have 
been filled up by the infiltration of a mineral different from that 
of which the shell is composed, and therefore not coalescing with 
it; and the tubular structure is consequently much more satis- 
factorily distinguishable. In decalcified specimens, the free mar- 
gins of the casts of the chambers are often seen to be bordered 
with a delicate white glistening fringe ; and when this fringe is 
examined with a sufficient magnifying power, it is seen to be 
made up of a multitude of extremely delicate aciculi, standing 
side by side like the fibres of asbestos. These, it is obvious, are 
the internal casts of the fine tubuli which perforated the proper 
wall of the chambers, passing directly from its inner to its outer 
surface ; and their presence ia this situation affords the most sat- 
isfactory confirmation of the evidence of that tubulation afford- 
ed by thin sections of the shell- wall." 

" The successive layers, each having its own proper wall, are 
ofiien superposed one upon another without the intervention of 
any supplemental or intermediate skeleton such as presents itself 
in all the more massive forms of the Nummuline series ; but a 
deposit of this form of shell-substance, readily distinguishable by 
its homogeneousness from the finely tubular shell immediately 
investing the segments of the sarcode-body, is the source of the 
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great thickeniag whict the calcareous zonea often present in ver- 
tical sections of Eozobu. The presence of this intermediate skel- 
eton has been correctly indicated by Dr. Dawson ; but be does 
not seem to have clearly differentiated it from the proper wall of 
the chambera. All the tuhuli which he has describea belong to 
that canal-system which, as I have shown, is limited in its dis- 
tribution to the intermediate skeleton, and is expressly destined 
to supply a channel for its nutrition and augmentation. Of this 
canal-system, which presents most remarkable varieties in dimen- 
sions and distribution, we iearn more from the casta presented by 
decalcified specimens, than from sections, which only exhibit 
Buch parts of it as their plane may happen to traverse. ' 

" It does not appear to me that the ' canal-system ' takes ita ori- 

f'n directly from the cavity of the chambers. On the contrary, 
believe that, as in Calcarina (which Dr. Dawson has correctly 
referred to as presenting the nearest parallel to it among recent 
Foraminifera), they originate in lacunar spaces on the outside of 
the proper walla of the chambers, into which the tubuli of those 
walls open externally ; and that the extensions of the sarcode- 
body which occupied them were formed by the coalescence of 
the pseudopodia issuing from those tubuli." 

We have here a dia- 
gram by Dr. Carpen- 
ter which he has i^iven in 
his paper in the Quarter- 
ly Geological Journil- 
and from Tiissubseq e t 
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the most delicate pseudopodial threads, consisting of the softest 
and most transitory form of living substance which were put 
forth through pores in the shell-wall less than one ten-thousandth 
of an inch in diameter, being thus perpetuated to all time." 
"The proper walls of the chambers are everywhere formed of a 
pellucid vitreous shell-substance minutely perforated with tubuli, 
so as exactly to correspond with those oi Nummuliies, Operctdina, 
etc." The serpentine casts of these tubuli are frequently de- 
tached by the disengagement of the gas while the skeleton is 
being removed by an acid, but they often remain behind, stand- 
ing side by side like the filaments which form the pile of velvet, 
their lower ends resting on the subjacent segment, while their 
upper extremities present a uniform surface. These casts of 
tubuli are distinguished from the adjacent serpentine, which is 
pale-green by their whiteness, yet the two are found by Dr. Hunt 
to be identical in composition, and thus, as he, and Dr. Carpenter 
after him, remaps, their whiteness is due to their fine division; 
many groups and bunches of this white substance being found 
by ]5r. Carpenter to be aggregations of the elementary forms of 
sarcodic prolongation, which he has described in detail. 

With regard to the intermediate or supplemental skeleton, 
which resembles closely that existing in Cakarina as described 
by Dr. Carpenter in his admirable Introduction to the Study of 
the Foraminifera, it is an exogenous deposit on the outer surface 
of the proper' walls of the chamber, where it seems to be produced 
by the sarcodic layer which is formed by the coalescence of the 
pseudopodia after they have issued from the tubuli, and is trav- 
ersed by a more or less minutely distributed canal-system, occu- 
pied during life by prolongations of that sarcodic layer. In 
those portions of the fossil where the chambers, instead of be- 
ing regularly arranged in floors, are piled up in the acervuUne 
manner, there is little or no trace of this intermediate skeleton, 
but in these irregularly aggregated chambers the structure of 
their proper walls is still well scei^, both in transparent sections 
and in decalcified specimens. 

In the solid masses of limestone which are made up of frag- 
ments of Eozoon, Dr. Carpenter could find no trace of the inter- 
mediate skeleton, though these specimens afford the most perfect 
examples of the Nummuline tubulation. He hence concludes 
that ** the breaking up of the surface of the original Eozoon 
must have taken place before the proper walls of its highest 
tiers of chambers had been strengthened by exogenous deposit." 

Space will not permit us to follow Dr. Carpenter in his com- 
parison of Eozoon with other Foraminifera. He remarks, how- 
ever, the resemblance in its mode of growth with the discoidal 
modern Cychclypeus from the coast of Borneo, which attains a 
diameter of more than two inches and is made up of many 
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thousand segments, while in Globigerina the continuous increase 
of the individual body by. segments soon ceases and new indi- 
viduals are formed by the separation of the segments. 

Reverting to Dr. Dawson's remark as to the important part 
played by the Eozoon in the Laurentian seas, Dr. Carpenter ob- 
serves the significance of the fact that this lowest type of ani- 
mal life known to the physiologist (the Rhizopod) should have 
attained such a great development and apparently culminated in 
the very earliest known period in the history of the life of our 
globe. . 

The serpentine marbles of Tyree and of Skye, whose probable 
Laurentian age had been pointed out by Dr. Hunt in tne paper 
already cited, oflfer, according to Dr. Carpenter, "a structure 
clearly identical with that of the Canadian Eozoon." A like 
structure has been discovered by Mr. Sandford in the serpentine 
marble of Connemara, known as Irish green marble. " I have," 
says Dr. Carpenter, "examined decalcified spedlmens of several 
portions of this rock, and have not the smallest hesitation in 
identifying them with the acervuline portion of the Eozoon Qxn- 
adensej although I have met with nothing corresponding to the 
lamellated structure of other portions of the Eozoon. More- 
over in place of the continuous asbestiform layer covering the 
segments, long straight bundles of filaments radiate from them." 
The age of the Connemara rock is by no means certain. Sr 
Roderick Murchison was at first disposed to regard it as Lauren- 
tian, but has since expressed the opinion that it is of Silu- 
rian age. 

In this connection we call the attention of American geolo- 
gists and microscopists to the crystalline limestones of the 
Highlands of New York, which are doubtless of Laurentian 
age,* and also to the figure and description,' given by Dr. Em- 
mons on page 60 of his Geology of the 2nd district of New 
York, of a banded arrangement in rounded or oval masses of 
serpentine and carbonate of lime, much resembling in external 
form the Eozoon of Canada. The specimen figured by him is 
from "Warrensburg, Warren County, New York. 

The mode in which the Eozoon has been preserved by the in- 
jection of serpentine has already been noticed, but is further 
described in Dr. Hunt's paper, from which we make the follow- 
ing extracts : 

" The details of structure have been preserved by the intro- 
duction of certain mineral silicates, which have not only filled 
up the chambers, cells, and canals left vacant by the disappear- 
ance of the animal matter, but have in very many cases been 
iniected into the tubuli, filling even their smallest ramifications. 
These silicates have thus taken the place of the original sarcode, 

^ See thia Jourual, ^2^, xzxix, 97. 
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while the calcareous septa remain. It will then be understood 
that when the replacement of the Eozoon by silicates is spoken 
o^ this is to be understood of the soft parts only ; since the cal- 
careous skeleton is preserved in most cases without any altera- 
tion. The vacant spaces left by the decay of the sarcode may 

- he supposed to have been filled by a process of infiltration, in 
which the silicates were deposited from solution in water, like 

■ the silica which fills up the pores of wood in the process of sili- 
cification. The replacing silicates, so far as yet observed, are a 
; white pyroxene, a pale-green serpentine, and a dark-green 
. alumino-magnesian mineral, which is allied in composition to 
chlorite and to pyrosclerite, and which I have referred to logan- 
ite. The calcareous septa in the last case are found to be dolo- 
mitic, but in the other instances are nearly pure carbonate of 
lime. The relations of the carbonate and the silicates are well 
seen in thin sections under the microscope, especially by polar- 
ized light. The calcite, dolomite, and pyroxene exhibit their 
crystalline structure to the unaided eye; and the serpentine and 
loganite are also seen to be crystalline when examined with the 
microscope. When portions of the fossil are submitted to the 
action of an acid, the carbonate of lime is dissolved, and a co- 
herent mass of serpentine is obtained, which is a perfect cast of 
the soft parts of the Eozoon. The form of the sarcode which 
filled the chambers and cells is beautifully shown, as well as the 
connecting canals and the groups of tubuli; these latter are seen 
in great perfection upon surfaces from which the carbonate of 
lime has been partially dissolved. Their preservation is gener- 
ally most complete when the replacing mineral is serpentine, 
altnough very perfect specimens are sometimes found in pyrox- 
ene. The crystallization of the latter mineral appears, however, 
in most cases to have disturbed the calcareous septa." 

"Serpentine and pyroxene are generally associated in these 

- specimens, as if their deposition had marked different stages of 
.. a continuous process. At the Calumet, one specimen of the 

- fossil exhibits the whole of the sarcode replaced by serpentine; 
while, in another one from the same locality, a layer of pale 

r green translucent serpentine occurs in immediate contact with 
the white pyroxene. The calcareous septa in this specimen are 
very thin, and are transverse to the plane of contact of the two 
minerals; yet they are seen to traverse both the pyroxene and 
the serpentine without any interruption or change. Some sec- 
tions exhibit these two minerals filling adjacent cells, or even 
portions of the same cell, a clear line of division being visible 
oetween them. In the specimens from Grenville, on the other 
hand, it would seem as if the development of the Eozoon (con- 
siderable masses of which were replaced by pyroxene) had been 
interrupted, and that a second growth of the amimal, which was 

Am. Joub. Sol— Second Sebibs, Vol. XL, No. 120.— Nov., 1865. 
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replaced by serpentine, had taken place upon the older masses, 
filling up their interstices." 

The paper of Dr. Hunt contains numerous analyses of the 
various minerals noticed above. We extract his account of the 
loganite, which replaces the Eozoon from Burgess. The cal- 
careous septa in these specimens are represented by a "some- 
what ferriferous dolomite, the analysis of which was made upon 
portions mechanically separated from the enclosed silicate; it 
yielded carbonate of magnesia 40*7, carbonate of lime, with a 
little peroxyd of iron, 59*0=99*7. The septa of the specimen 
from this locality are in some parts more than 3*0 millimeters in 
thickness, and exhibit the chambers, cells and septal orifices; 
but no tubuli are seen. The replacing material has the hardness 
of serpentine, for which it was at first mistaken. Its color is 
blackish-green, but olive-green in thin sections, when it is seen 
by transmitted light to be crystalline in texture. Its fracture is 
granular, and its lustre feebly shining. It is decomposed by 
heated sulphuric acid, and was thus analyzed, yielding the re- 
sult I. The centesimal composition of the soluble portion is 
given under ii. 

I. n. ni. 

Silica 33-75 36-14 86-60 

Alumina 9-74 10-16 10-80 

Magnesia....* 30-24 31-47 28*20 

Protoxyd of iron 8-19 8-60 9-54 

Water 14-08 1464 14-62 

Insoluble sand 2*50 



• • • ... 



98-51 100-00 99-66 

'*The silicate which here takes the place of the pyroxene and 
serpentine observed in the other specimens of Eozoon is one of 
frequent occurrence in the Laurentian limestones, and appears 
to constitute a distinct species, which I long since described un- 
der the name of loganite, and which occurs at the Calumet in 
dark brown prismatic crystals. I have since observed a similar 
mineral in two other localities besides the one here noticed. The 
result III, which is placed by the side of the analysis of the Bu^ 
gess fossil, was obtained with a greenish-grey sparry prismatic 
variety from North Elmsley, having a hardness of 3*0, and a 
specific gravity of 2539. These hydrous alumino-magnesian 
silicates, which I have included under the name of loganite,* are 
related to chlorite and to pyrosclerite in composition ; but these 
last are distinguished from it by their eminently foliated mica- 
ceous structure." 

" When examined under the microscope, the loganite which 
replaces the Eozoon of Burgess, shows traces of cleavage-linea, 

^ For a description of this and similar silicates, see Geology of Canada, p. 491> 
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which indicate a crystalline structure. The grains of insoluble 
matter found in the analysis, chiefly of quartz sand, are distinctly 
seen as foreign bodies imbedded in the mass, which is moreover 
marked by lines apparently due to cracks formed by a shrink- 
ing of the silicate, and subsequently filled by a further infiltra- 
tion of the same material. This arrangement resembles on a 
minute scale that of septaria. Similar appearances are also ob- 
served in the serpentine which replaces the Eozoon of Grenville, 
and also in a massive serpentine from Burgess, resembling this, 
and enclosing fragments of the fossil. In both of these speci- 
mens also grains of mechanical impurities are detected by the 
microscope; they are, however, rarer than in the loganite of 
Burgess." 

"From the above facts it may be concluded that the various 
silicates which now constitute pyroxene, serpentine, and loganite 
were directly deposited in waters in the midst of which the 
Eozoon was still growing, or had only recently perished ; and 
that these silicates penetrated, enclosed, and preserved the cal- 
careous structure precisely as carbonate of lime might have 
done. The association of the silicates with the Eozoon is only 
accidental ; and large quantities of them, deposited at the same 
time, include no organic remains. Thus, for example, there are 
found associated with the Eozoon limestones of Grenville, mas- 
sive layers and concretions of pure serpentine; and a serpentine 
from Burgess has already been mentioned as containing only 
small broken fragments of the fossil. In like manner large 
masses of white pyroxene, often surrounded by serpentine, both 
of which are destitute of traces of organic structure, are found 
in the limestone at the Calumet. In some cases, however, the 
crystallization of the pyroxene has given rise to considerable 
cleavage-planes, and has thus obliterated the organic structure 
from masses which, judging from portions visible here and there, 
appear to have been at one time penetrated by the calcareous 
plates of Eozoon. Small irregular veins of crystalline calcite, 
and of serpentine, are found to traverse such pyroxene masses 
in the Eozoon-limestone of Grenville." 

Veins of fibrous serpentine (chrysotile) in like manner inter- 
sect the serpentine of this region, and are sometimes found cut- 
ting across the masses of Eozoon. It is stated in a note to this 
portion of the paper that, **Eecent examinations have shown 
that some of these masses encrusted with Eozoon replaced by 
serpentine, consist of crystalline pyrallolite (rensselaerite) ; which 
seems, like the other silicates, to have replaced the organic mat- 
ter of the Ehizopod." 

" These observations bring the formation of siliceous minerals 
face to face with life, and show that their generation was not in* 
compatible with the contemporaneous existence and the preserv 
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ation of organic forms. They confirm, moreover, the view which 
I some years since put forward, that these silicated minerals 
have been formed, not by subsequent metamorphism in deeply 
buried sediments, but by reactions going on at the earth's sur- 
face.* In support of this view, I have elsewhere referred to the 
deposition of silicates of lime, magnesia, and iron from natural 
waters, to the great beds of sepiolite in the unaltered tertiary 
strata of Europe ; to the contemporaneous formation of neolite 
(an alumina-magnesian silicate related to loganite and chlorite 
in composition) ; and to glauconite, which occurs not only in 
secondary^ tertiary, and recent deposits, but also, as I have 
shown, in Lower Silurian strata.* This hydrous silicate of pro- 
toxyd of iron and potash, which sometimes includes a consider- 
able proportion of alumina in its composition, has been ob- 
served by Ehrenberg, Mantell, and Bailey associated with o^ 
ganic forms in a manner which seems identical with that in 
which pyroxene, serpentine, and loganite occur with the Eozoon 
in the Laurentian limestones. According to the first of these 
observers, the grains of green-sand or glauconite from the te^ 
tiary limestone of Alabama are casts of the interior of Poly- 
thafaraia ; the glauconite having filled them by * a species of nat- 
ural injection, which is often so perfect that not only the large 
and coarse cells, but also the very finest canals of the cell-walls, 
and all their connecting tubes, are thus petrified and separately 
exhibited.^ Bailey confirmed these observations, and extended 
them. He found in various cretaceous and tertiary limestones 
of the United States, casts, in glauconite, not only of Foramin- 
ifera, but of spines of Echinus^ and of the cavities of corals. 
Besides, there were numerous red, green, and white casts of 
minute anastomosing tubuli, which, according to Bailey, resem- 
ble the easts of the holes made by burrowing sponges (Cliona) 
and worms. These forms are seen after the dissolving of the 
carbonate of lime by a dilute acid. He found moreover, simi- 
lar easts of Foraminiferaj of minute mollusks, and of branchinff 
tubuli, in mud obtained from soundings in the Gulf-stream, and 
concluded that the deposition of glauconite is still going on ia 
the depths of the sea.* Pourtales has followed up these investi- 
gations on the recent formation of glauconite in the G-ulf-streara 
waters. He has observed its deposition also in the cavities of 
Millepores^ and in the canals in the shells of Balanus, Accord- 
ing to bira, the glauconite grains formed in Foraminifera lose 
after a time their calcareous envelopes, and finally become 
^conglomerated into small black pebbles,' sections of which still 
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show under a microscope the characteristic spiral arraDgement 
of the cells/ 

"It appears probable from these observations that glaneonite 
is formed by chemical reactious in the ooze at the bottom of the 
sea, where dissolved silica comes in contact with iron-oxyd ren- 
dered solable by organic matter ; the resulting silicate deposits 
itself in cavities of shells and other vacant spaces. A process 
analogous to this in its results, has filled the chambers and canals 
of the Laurentian Foraminifera with other silicates; from the 
comparative rarity of mechanical impurities in these silicates^ 
however, it would appear that they were deposited in clear 
water. Alumina and oxyd of iron enter into the composition of 
loganite as well as of glauconite; but in the other replacing 
minerals, pyroxene and serpentine, we have only silicates of 
lime and magnesia, which were probably formed by the direct 
action of alkaline silicates, either dissolved in surface-waters, or 
in those of submarine springs, upon the calcareous and mag- 
nesian salts of the sea water." 

In the second part of Dr. Hunt's paper on Natural Waters, 
published in this Journal for July, there will be found in § 41 
some observations bearing on the formation of the silicates of 
lime and magnesia. The chemical and mineralogical relations 
of the Eozoon, or rather of its replacing silicates, are by no 
means the least important points in the history of this remark- 
able fossil. 

ExpUmatum of the Plate illustrating the Structure and^ Affinities of 

Eozoon Canadense, 

Of the figures here given, 1, 8, 6 a, 6 b, and 7, are selected 
from two plates given by Dr. Carpenter to illustrate his paper; 
while 2, 4, and 5, are from the plates accompanying Dr. Daw- 
son's description, and are from drawings by Mr. Horace H. 
Smith, the artist of the Canadian Geological Survey. 

The figures, with the exception of 7, are from transparent 
sections of specimens in which the original shell was well pre- 
served, and its minutest cavities infiltrated with serpentine. 
Figure 7 is from a specimen from which the calcareous skeleton 
was removed by an acid, and represents the internal casts of the 
tubes, as seen by reflected light. 

Fig. 1. Vertical section of regularly stratified portion of Eozoon show- 
ing the ordinarily continuous connection of the chambers of 
each stratum; magnified 10 diameters. 

2. Horizontal section of Eozoon from Grenville, magnified 26 
diameters ; a, systems of tubuli ; 6, secondary chamber. 

8. Portions of two chambers of different layei-s, showing at a, a, 
the proper wells of their chambers ; at 6, 5, the intermediate 

* Report of United States Coast Surrey, 1858, p. 248. 
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skeleton ; and at <;, c, a stoloniferous passage ; magnified 25 
diameters. 
Fig. 4. One of the systems of tubuli cut transversely ; magnified 100 
diameters. 

5. Part of a system of tubull cut transversely ; magnified 200 

diaraetera. 

6. Portions of the proper wall of the chambers, showing its 

Nummuline tubulation, as seen at a in longitudinal, and at h 
in transverse section ; magnified 100 diameters. 

7. Cast of the interior of canal-system ; an entire group magni- 

fied 10 diameters. 



Art. XXXVII. — Notices of Earthquakes. 

I. Notices of the Earthquake of August \1tk, in the Mississippi Valley; 
received from Dr. A. Wisuzknus, of St. Louis. 

1. Note by Dr. Wislizenus, — In the city of St. Louis the motion 
was felt by many persons in two distinct shocks, but lasting, ia 
my estimate, not longer than about twenty seconds. Some ob- 
served its direction as going from north to south. 

2. Notice from the Missouri Repuhlican, of St. Louis^ -4w^. 18, 
1865. — The shock of an earthquake was sensibly felt in this city 
yesterday morning at 25 minutes to 9 o'clock. The motion was 
an oscillating one, the earth seeming to swing gently, like the 
pendulum of a clock. It lasted nearly a minute and a half— the 
intermediate motions being slighter than was perceived at the 
beginning and end of the shock. During its duration, chamber 
furniture, gas fixtures, etc., could be seen to rock, and a cracking 
sound proceeded from the walls of the houses, as if their steadi- 
ness was seriously disturbed. 

Cairo^ III. J Aug. 17. — A. severe shock of an earthquake was 
felt here at 8*» 45™ this morning, causing people to rush out of 
their houses in the greatest consternation. 

JacksoUj Mississippi, Aug, 17. — The effect of the earthquake 
was seriously felt about 9 o'clock this morning at Memphis, 
Lagrange, Holly Springs, Oxford, and Grenada. At Memphis 
the shock was severe enough to cause people to run out of 
houses. 

3. Extracts from a letter to Dr. A. Wislizenus by Mr. John T. 
Scott, Attorney at Law at New Madrid, Mo., dated Sept. 6, 
1865. — On the morning of the 17th of August, about half-past 
'8 o'clock, I was going to my oflSce, and having to proceed 
through a park, and being about the middle of it, and in the 
best possible position for hearing and observation, I heard, as I 
thought for the moment, heavy rolling thunder. This astonished 
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me, for it was almost entirely clear, no clouds whatever visible 
that in the least indicated thunder, rain, or change of weather. 
I was at this time going in a southeasterly direction, and the 
thunder, as for the moment I had taken it to be, seemed to be 
exactly in the opposite direction from that in which I was then 
going. Astounded as I was, I stopped, and, turning to ascertain 
from whence this noise proceeded, the earth began to vibrate to 
and fro from northwest to southeast, and continued for several 
times, the first vibration being the greatest (apparently not less 
than three or four inches), and gradually diminishing. On 
turning fully around, the noise which I had taken for thunder, 
but which, in fact, was the noise accompanying the earthquake^ 
seemed to be about in a northwesterly direction from here; and 
had it been thunder, I should have thought it not over twelve or 
fifteen miles distant. It seemed to roll or pass off in a norths 
easterly direction, or at right angles to the vibrations of the 
earth. The noise and vibrations lasted about a minute. 

In the town, the druggists' jars, bottles, &c., were all rocked 
to the very edge of the shelves, and some of them off. Chim- 
neys were considerably damaged ; dishes, cups, saucers, glasses, 
&c. suffered much. The cattle and dogs all ran in confusion 
and seemed much alarmed, and utterly at a loss to know where 
or in what direction to go. 

I was talking to a ferryman here a few days since about the 
earthquake, and he told me that he was at the time crossing the 
Mississippi river in a skiff, and that the water rolled as if a 
steamboat had just passed. He said he was much frightened 
until he heard the noise and thought what it was. The fact is, 
however — and such was the case at the time referred to — that 
the noise generally precedes the shaking or vibration from one 
to three seconds. In this case I think it was about two seconds. 

I would mention one fact, notorious here, that the earthquakes 
are much more severe in the swamp or low and inundated lands, 
than in the high and dry lands. Hence it is that those living 
west of here, in what is called Little Eiver Swamps, and follow 
hunting for an occupation, often experience earthquakes when we 
feel none at all. The earthquake of the 17th, of which I am 
speaking, was much more severe there than here or in high and 
dry lands. 

Another remarkable fact about the earthquakes here, is, that 
while sometimes the earth quakes or trembles, as it were, at 
other times it seems to roll in waves, like the ocean, and at oth- 
ers, as in the one I am more particularly speaking of at present, 
it vibrates, apparently, in a horizontal direction. They most 
generally come from the west or northwest, sometimes from the 
southwest. The character of the noise, or roaring, as it is gen- 
erally called, is also variable. 
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May I not now suggest a plan by which valuable information, 
relative to the time, center, and progressive movement of these 
convulsions, might be obtained r Suppose there should be a 
correspondent at the county seat of every county in the vicinity 
of the region of earthquakes, whose duty it should be to note 
all the facts of each convulsion, its direction, its duration, &c., 
aod forward the same to some scientific gentleman for compari- 
son and analysis. Could not something be obtained by this 
means ? 

I am told that the most graphic description of the earthquakes 
of 1811 and 1812 is to be found in the works of Lorenzo Dow. 
This -description is from the pen, and in a letter of Mrs. Eliza- 
beth Bryan to that reverend gentleman, Mr. Dow. The old 
lady was residing here at the time, and is still here, in her 88th 
year. Perhaps you might glean something from that letter. 

I would farther remark that I did not conclude the above last 
evening, and just as I was writing the line above my signature, at 
a quarter past 8 o'clock this morning, the 7th, we had another 
fihock, shaicing houses, &c. considerably. It was not accompanied 
with much noise — came from a westerly direction, and lasted 
about half a minute. 

If. Notices^ received from Dr. C. F. Winslow, of Boston. 

1. Letter to Dr. Winslow^ from Mr. G. Pendleton, dated Eoch- 
•cster, Sept. lOi, 1865. — In accordance with my promise I here- 
with send you the facts about the earthquakes I have experi- 
enced during my voyages in the Pacific ocean. 

(1.) JEarthquake off Kamtschatka in 1845. — The first case was 
as follows-: — On board the ship Charles Phelps, at sea, Septem- 
ber 22nd, 1845, Cape Karatscbatka bearing N. W., distance 15 to 
20 miles-, the weather clear, wind light and baffling from the 
westward. At about 8 A. M. we felt a heavy shock of an earth- 
quake, causing the ship to tremble about as she would if going 
in stays in a strong wind ; and the noise on board was much like 
the rolling of a heavy cask fore and aft the deck. It lasted 
about 15 to 20 seconds, and then passed off, and left all quiet 

(2.) Earthquake at Guam, one of the Ladrones^ in 1849. — The 
next earthquake I find noticed as follows, in my journal :— 
Ship Mary & Susan, of Stonington, at Ulmata Bay, Island of 
Guam, January 24tb, 1849. At 2*30 P. M. experienced the shock 
of an earthquake which was far beyond anything I have ever 
known before. It lasted for about one minute, and was followed 
by seven other shocks during the night, the last being at day- 
light of the 25th. The last seven shocks were much lighter 
than the first. At the time of the first shock, and during the 
night, the atmosphere was a little hazy, and had a very strong 
Bulphurous smell. The earliest intimation we had of the first 
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great shock was an exceedingly great agitation of the water and 
the land. The convulsion on the land was so great that all of 
the brick and stone buildings on the Island were more or less 
injured, and some were reduced to a mass of ruins ; and a man 
could not keep on his feet without holding on to something. I 
l^^d a boat on shore at the time, and the inflood of the water 
was so great that it took her into the tops of the trees near the 
ocean, and swept water casks and such things a fourth of a mile 
or more into the country. And when the water receded, it left 
them with hundreds ot fish high and dry, and the land at the 
watering place sank about twelve feet. When the water receded 
it took my ship back with such force that it parted my chain 
and I lost an anchor; she had run over it when the water flowed 
in and then went back with great force. 

I would say that at the time of the first shock, and through 
the night, the wind was very light from the northeast. Several 
ships lying at Apra (the capitol of the Island) lost anchors by 
being covered up at the bottom of the harbor, and they had to 
part or cut their chains. I think there were six lost. The mo- 
tion of the water on the Island was east and west. 

2. Notesfi^omthe Journal of Dr. C,F, Winslow, — (l*) Earthquake 
at Lima, March^ 1865. — T. J. Pope, Esq., Secretary of Legation 
to the Embassy of Peru at Lima, informs me that on the 1st of 
March 1865, at 6^ A. m., he was then on board the U. S. Ship 
Lancastre (acting as secretary to the Admiral), and his attention 
was called by the orderly to the strange agitation of the water 
in the bay. He states that the surface of the bay for a long dis- 
tance around the ship was in a state of agitation and ferment, 
and that the water with wind was thrown up in jets from 12 to 
15 inches. The odor of the sulphuretted or carburetted hydro- 
gen was horrid, and the white paint of the ship was blackened. 
This occurred about the time (just before, in February,) when a 
great wave suddenly rushed into Callao bay and swept the bath- 
ing house away, and several persons drowned. There were 
several shocks of earthquakes about this time. But Mr. Pope 
felt no shock on the 1st of March, at the time of the phenome- 
non be speaks of. 

Lima, April 20, 1865. 

(2.) Earthquake off Paita, May, 1865. — At J past 1 P. M., a 
strong earthquake was felt here which agitated the people very 
much. It lasted 20 seconds. This is experienced by me and is 
the strongest I have felt in Paita. Movement great from N.E. 

Paita, May 16, 1865. 

(3.) Earthquake at Amotapa in Aug. 1858. — In 1858, August 
28, at 6*6 A. M., I felt a very severe earthquake at Amotapa. 
Made a crack in the river Chira, so that sulphurous fumes and 

Am. Jouk. Sol— Sboond Series, Vol. XL,1Jo.120.--^o^.A^^» 
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petroleum came to the surface. This was felt very far into the 
interior and was supposed to originate in the neighborhood of 
Longai. Mr. Woodhouse and Mr. Dewal both tell me of this 
earthquake, being then residents of this place or Paita. The 
earth trembled slightly very often for the next 24 hours. 

Amotapa,MRy 27, 1865. 

(4.) List of Earthquakes J copied at Lima, from books given me 
by Mr. Wm, Sterling, of Amotapa, May 28, 1866\ — Earthquake in 
Lima, 1860, Apr. 21, 1*35 A. M. ; pretty strong. At 12 oyock, 
midnight, of 21st, a slight shock. 22nd, 1*40 P. M., a very heavy 
shock ; walls thrown down and others cracked ; some churches 
injured. — 23d, 1 A. M., a light shock ; at 6*40 A. M. same day, 
another very severe shock ; at 11*30 A. M. same day, another 
severe shock accompanied with a loud rumbling noise; 5*45 
p. M., another light shock. — 23d, at 12, midnight, and on 24th at 
12-30 A. M., and at 2 A. M., light shocks. — 26th, 6 A. M., a loud 
rumbling with slight shaking. May 1st, 7 A. M., shock pretty 
hard. 20th, at 1130 A. M., shock pretty hard. 

(5.) Letter of June 8, from Hon. C. Robinson, U. S. Minister to 
Peru. — In 1865, on May 29, at 716 A. M., an earthquake was felt 
at Lima which was very violent and lasted 56 seconds. It was 
very alarming, but did no serious damage. The air was damp 
and heavy and misty. Temp. 64° Fah. Cool for Lima. 

III. Miscellaneous Notices. 

(1.) Earthquake in California. — At 12^ 45™ October 8th, an 
earthquake of great violence occurred at San Francisco. Chim- 
neys were tumbled down, the walls of many buildings badly 
cracked, bells of steeples made to ring, and fissures two or three 
inches wide were opened in the lower part of the city. There 
were two violent shocks within half a minute. The accounts 
from Sacramento, Stockton and San Jos^ represent the earth- 
quake as the severest ever felt in those cities. It was not per- 
ceived at Marysville or Placerville ; but Santa Cruz was severely 
shaken and some buildings much damaged 

The tide at San Francisco rose very high at the time of the 
shock and fell very low immediately afterward. Ten or eleven 
distinct shocks were felt after the first shaking, up to 5 A. M. of 
the 9th. 

(2.) Earthquake at Buffalo. — The announcement of an earth- 
quake at Buffalo in the last volume of this Journal (xxxix, 372), 
taken from a Buffalo paper, is an error. 

^ Id Tacna, Sept, 19, 1860. 
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Art. XXXVIII. — On Melabrushite, Zeugite^ Orniihite and other 
minerals of the Key of Sombrero^ W. /. / by Alexis A. 
Julien, Assistant in School of Mines, Columbia College. 

Sombrero, a remnant of a coral Island, lying in lat. 18° 36' N. 
and long. 63° 27' W., varies in height from fifteen to forty feet, 
and comprises an area of about ninety-five acres. The quality 
and contmued yield of the deposit of rock guano, which is dis- 
seminated in veins through the beds of limestone, have rendered 
its name familiar. During a residence of between three and four 
years (1860-1864), the following minerals have been observed 
by me, an unusual number for a formation of so recent geological 
origin and limited extent. 

Calcite^ and its phosphatic pseudomorphs. 
Common salt, in cubes and in curved crystals. 
Brushite, in massive specimens. 
Metabrushite^ and its pseudomorph, zeugite, 
Or?iilhite, and its pseudomorphs. 

1. Calcile, — This mineral, in its variety of massive, lamina- 
ted, and stalactitic forms, is very abundantly dispersed through- 
out the fissures of the limestone, and small crystals though less 
common are not rare. All these display the ordinary character- 
istics of the mineral and possess no features worthy of notice. 

However, a remarkable pseudomorphous process, consisting 
in the substitution of phosphoric for carbonic acid in the calcare- 
ous material of the Key, has taken place on a very extensive 
scale at various periods in its geological history. This has been 
effected by solutions of certain salts, from the superficial guano 
deposit, brought down by the rains into the joints of tbe lime- 
stone, and has given rise to various white, yellowish, and brown- 
ish materials. These are especially rich in the bone-phosphate 
of lime (3CaO, PO^), containing about 85 per cent of that salt, 
also about 5 per cent each of phosphate of magnesia and carbon- 
ate of lime, with small percentages or traces of organic matter, 
sulphate of lime, oxyd of iron, alumina, and their phosphates, and 
fluorine. The masses of calcite in the vicinity of the guano- 
veins have participated in the same changes and thus interest- 
ing pseudomorphs have been produced, not only of the massive 
and stalactitic forms but of the crystals. Of the latter three 
varieties may be mentioned : 

(1.) Those which consist simply of an ordinary crystal of cal- 
cite, overlaid with a brownish film of the phosphatic material. 

* I take this opportunity to acknowledge ray indebtedness to Prof. C. F. Chandler 
of the School of Mines, Columbia College, for the use of his private laboratory, (in 
which nearly the whole of this investigation has been made), and for his general 
assistance and advice ; to Profs. 0. N. Rood and C. A. Joy of the School of Mines, 
for the use of instruments and books; and to Prof. J. D. Dana of New Haven, for 
hia crjetallograpbic ex&minsLtiona. — a. a. j. 
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(2.) Hollow crusts, formed by the removal from the former of 
their cores of carbonate of lime. 

(3.) Solid crystals, wholly consisting of the phosphatic material. 

2. Common Salt, — The numerous pools of sea-water along 
the edge of the cliflF, which are fed by the spray from the surf in 
high winds and heavy ground swells, sometimes evaporate con- 
Biderably or wholly during the droughts of the winter season and 
the long calms of the summer. Thus, as in the large salt-ponds 
of neighboring islands, their bottoms are left sparkling with the 
ordinary cubical crystals of common salt. 

But again, in September, 1863, a quarry in the northern part 
of the Key was partially filled by the overflow of a heavy ground- 
swell, and in this way masses of a porous variety of rock-guano 
were saturated with sea-water. The waters soon subsided 
through the bottom of the quarry and a peculiar efflorescence of 
salt afterwards appeared, near the sea level. It occurred over 
the surfaces of these masses on the sides of the quarry, in cavi- 
ties shielded from the sun and rain, but otherwise freely expo- 
sed to the atmosphere. This crust consisted of slender crystals, 
usually one-eighth of an inch in length, white, translucent, and so 
much curved as to take, in some cases, one and a half turns, or to 
return to and become re-embedded in the matrix. In this last 
characteristic and in their fibrous structure they strongly resem- 
ble, especially under the microscope, the similar forms of gyp- 
sum, etc. Fracture uneven. A tendency is shown, (by the 
splitting of their terminations, the separation of narrow off-shoots 
from their sides, etc.), to a disintegration into the slender fibers of 
which each crystal seems to be an aggregation. There is also a 
transverse plane of cleavage, marked by the numerous lines of 
cross-fracture. In the thicker crystals the breadth is, in most 
cases, nearly uniform throughout their length ; but in others it 
often decreases from one end to the other. The outer termina- 
tion is usually rounded and sometimes a slender crystal ends in 
a sphere of greater diameter. The transverse section of everj 
crystal is apparently almost circular, though irregular. The 
following are the results of an analysis : 

I. n. 

Moisture (expelled at 100* C), - . - -34 .,.. 

Loss by ignition, '37 

Guano, attached to the crystals, - - - 1'53 .... 

Sulphuric acid, - - . . , '35 .... 

Chlorine, • 58.72 58*73 

Sodium, 37-39 .... 

Potassium, ------ -lo .... 

Magnesium, - - - - - - '03 

Lime, '40 

Aluminum, ------ '07 



• • . • 

• • • • 



'/ 



99-30 
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These results are equivalent to water '55, guano 1-53, sulphate 
of lime -75, chlorid of aluminum -35, chlorid of calcium -30, 
chlorid of magnesium ■!!, chlorid of potassium '20, and chlorid 
of sodium 95-46=99-25. 

The crystals were found to be very l- 

deliquescent in an atmosphere saturated 
with moisture, absorbing more than 
their weight of water after a few days 
exposure. A sketch of a crystal mag 
ni&ed about fifteen diameters is given l 
in fig. 1, 

8. Brushile.—K few small specimens 1 
of massive brushite, crystalline in struc 
ture and having a botryoidal surface, 
were found in one locality as crusts 
adhering to guano. Drusy cavities occur 
in this material, but no crystals like 
those from Aves Island, described by 
by Mr. G. E. Moore,' have yet been found. The follow mg are 
the characters of this massive brushite: Hardness ~ 2 76. Specific 
gravity =2-9o3-2-999, by two determinations of the coarsely 

Eowdered mineral in alcohol and in pure benzole, at 60° F. 
aster vitreous, iriclining to resinous; snining. Color white, but 
with a superficial yellowish tinge, (lighter than that of Moore's 
crystals). Streak and powder white. Translucent; intbinlaminte 
transparent. Fracture uneven. Brittle, 

Gently heated in a closed tube before the blowpipe, it at once 
gives off water, darkens with a slight empyreumatic odor, and 
again whitens by ignition. The water, condensed above, is de- 
cidedly acid, and gives the reactions for phosphoric acid. Jn 
the platinum forceps anil on charcoal, it glows with a greenish 
light at a high temperature and fuses with a little intuniesence 
to a button which is crystalline on cooling. "At the same time 
it imparts a slight greenish tinge to the OFI, especially if pre- 
viously moistened with sulphuric acid. With borax and with 
microcosmic salt it fuses easily, with a little effervescence, to a 
bead which is clear and colorless, both hot and cold; when 
nearly saturated, the bead is clear and slightly yellowish while 
hot, transparent and colorless when cold, and becomes milk- 
white and opaque by flaming; with a still larger excess it is 
slightly yellowish and transparent while hot, and becomes white 
and opaque on cooling. With carbonate of soda on charcoal it 
fuses readily to a clear and colorless glass. It dissolves easily 
(even after ignition) in nitric and hydrochloric acids, but very 
slowly in acetic and tartaric. When boiled with water in a test- 
tube the water gives a strong acid reaction with litmus ; most 
' llik Jour, [3], uii^ 43, 
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probably from the well-known decomposition of the salt, by hot 
water, into bone-phosphate and super-phosphate (CaO, 2H0, 
PO5) of lime. 

Two determinations were made of the amount of water in 
the air-dried material, the assay being successively heated in each 
case in an air-bath, at various temperatures from 100° to 245° C, 
and then ignited at a red-heat. The results were as follows : 



Hygroscopic moisture, 

"Water, - 

Water and org. matter, 

Combined water. 

Total, 



Temperature 
of expulsion. 

100^ c. 

126°-240°C. 

ignition. 



I. 

19-698 
6111 



1-388 



26-809 



27-197 



n. 

1071 
19-929 
6166 


Mean. 

12-29 


26-084 


25-947 


27166 


27-176 



A tendency is thus exhibited to the expulsion of the four 
equivalents of water of crvstallization (in the formula below) 
between 126*^-240° 0., the basic equivalent being retained until 
the temperature becomes much higher, or reaches ignition. The 
following is an analysis made with one gram of material : 



Moisture, . . - - 
Water and organic matter, 
Silica, - - - - - 
Sulphuric acid, - - - - 
Phosphoric acid, - - - 
Magnesia, - - - . 

Lime, 

Alumina and sesquioxjd of iron. 
Fluorine, . . - - 



1-229 

25-947 

trace, 

•778 

39-947 

trace, 

82-116 

-329 

trace. 



Oxygen Ratios. 



23-06 



2-52 6 



22-39 2-46 5 



9-14 1 



100-346 

These figures correspond to the following composition: 



Moisture, 

Organic matter, 

Sulphate of lime (CaO, S03-f2HO,) 

Alumina and sesquioxyd of iron, . - - 

Silica, phosphate of magnesia, and fluorid of calcium. 

Impurities, 

2CaO, 

HO, 

Po, • 

4aq. 



1-229 
-346 

1-675 
-329 

traces, 

31-569 

6-050 

40-004 

20-200 



8-679 



Brushite, 



96-823 
100-402 

The method, employed in this and all but one of the subse- 
quent analyses, was aa follows, the precipitates and filtrates 
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being treated in the usual way. The lime was first precipitated 
with sulphuric acid and alconol. To the filtrate, evaporated to 
small bulk, citrate and aqua ammonia were added in excess, 
by which all the magnesia and a part of the phosphoric acid 
were thrown down as ammonio-phosphatc. In the filtrate the 
remainder of the phosphoric acid was precipitated with the 
usual sulphate of magnesia solution. The filtrate was evapo- 
rated to a small bulk, digested in a flask with nitric acid until 
the complete expulsion of all chlorine, evaporated to dryness in 
a platinum dish, and calcined to perfect whiteness. The residue 
(excess of magnesia from the reagent) was redissolved in hydro- 
chloric acid, the alumina and the oxyd of iron precipitated with 
aqua and carbonate of ammonia, and, after weighing, the iron 
redissolved and determined volumetrically, if desired. In the 
filtrate the alkalies if present were separated from the excess of 
magnesia. 

Ill another portion of material, the water was determined as 
already explained, the ignited residue dissolved in nitric acid, 
and the chlorine and sulphuric acid successively estimated by 
additions of nitrate of silver and of nitrate of baryta. 

4. Metabrushile. — This new mineral has been observed to oc- 
cur only with the guano as a matrix, and in two localities in the 
northern part of the Key ; in one, studding the sides of a cav- 
ity and attached in microscopic crystals to many small rootlets 
within it; and in the other, as a single large group, weighing 
about ten grammes, some of the crystals being nearly an inch in 
length and half an inch in breadth. The crystals are usually 
short, thick, and tabular, with most of their faces uneven and 
lusterless, unlike the prisms of brushite. The planes of cleav-' 
age are the same as in that mineral and in selenite, but are more 
imperfect. No massive specimens have yet been discovered. 
Its characters are as follows : 

H. =2*75. Sp. gr. (with large crystals and distilled water at 
60° F.) =2-288, 2-356, and 2-362. Luster vitreous, inclining to 
pearly, splendent on cleavage faces parallel to the clino-diagonal 
section ; somewhat resinous on surfaces of irregular fracture. 
Color yellowish-white, sonietimes with a slight reddish tint by 
transmitted light. Streak and powder white. Transparent ; in 
some crystals, however, the surface is covered with a translucent 
film, by which their transparency is disguised and to which 
their reddish tinge is probably due. Fracture uneven. Brittle. 
It presents the same characteristics before the blowpipe and 
when treated with acids as massive brushite, except that it is 
apparently a little more slowly soluble in the mineral acids. 
It also exhibits strong double refraction. 

In one assay the total loss of water by ignition was at once 
determined, and in three others, as in brushite, the loss at sue- 



8T2 A. A. Julien on Minerals of the Key of Sombrero. 



cessive temperatures from 110° to 400^ C. was careftdly ascer 
tained. 

Temp, of I IL IIL IV. 

expulsion. 



Moistare) 

Water, 

Water and org, matter, 

Combined water, 

Total, 



100«>C. 
126O-240O C. 
Ignition. 



21-865 



121-865 



17-983 
4-298 



1-620 



22-276 



28-896 



17-419 
4-600 



1"615 



22-019 



28*534 



17191 
5-461 



22«a 

A tendency was nbticed to the expulsion of one of the con« 
stitutional equivalents of water (in the formula below) at about 
126° C, of the remaining two at 176°-180° C, a fraction of a per 
cent of water at 235°-239°C., and the basic equivalent on igni- 
tion ; but .the figures were somewhat variable. The quantity of 
material iu my hands being small, the following analyses were 
made from an amount altogether a little less than two grama, 
according to the method already explained. 



Moisture, 

Water and organic matter, 

Sulphuric acid, 

Phosphoric acid, 

Lime, 

Magnesia, 

Alumina, 

Sesquioxjd of iron. 



1 



I. 

21-865 

none. 
42-527 
32-981* 

•881 
1-292 

-454 



ir. 

1-620 
22-276 
•208 
42 688 
32-731 
trace. 

trace. 



ni. 

1515 
22-019 
none. 
43103 
33-346 
-646 

•505 



100- 99 523101133 

# By diflference. 



IV. Mean. Oxygen Ratloi. 



19-40 2-07 4 

28-95 2^55 5 
988 1* i 



1380 


1505 


22652 


21-826 


none. 


•052 


42-565 


42^721 


32-849 


32-977 


•571 


-524 


•930 


•795 


100-947 


100^380 



There was no trace of chlorine present, and no examination 
was made for fluorine. The results may be grouped as follows: 

Moisture, - - - - 1-491 

Organic matter, - - '717 

Sulphate of lime, - - - -068 

Phosphate of magnesia, (3MgO, PO^), 1-147 
Alumina, oxyd iron, and phosphoric acid, 1'049=4'472 impurities. 

2CaO, .... 32-955 

HO, 5-277 

POj^ .... 41-844 

3aq. - - . . 15*832=95-908 metabrushite. 



100-38 



While, therefore, brushite corresponds to the salt of Bodeker,' 
which contains four equivalents of water of crystallization and 
which was found by Pies' in almost pure acicular crystals in the 
central tissue of Tectonia grandis, we have in metabrushite the 
allied salt of Eaewsky* and Berzelius, the analysis (1) and theo- 
retical composition (2) of which, by Berzelius, are as follows: 



• Ann. Pharm, Ixix, 206. 

* Pharm. Centralbl. 848, 286. 



R^p. Chim. Appliq., xi, 824. 



Fig. 2. 
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1. 2CiiO, 34-89 HO, 5-60 PO^, 43-61 Saq, 16-50 = 100. 

2. 35-42 5-67 41-90 1701 = 100. 
Its relation to brushite and succession in amount of water 

have therefore been designated in the prefix of its name (f«ia, 
afier). In many of ita characteristics it bears a strong resem- 
blance to gypsum, a mineral which, it may be slated, does not 
occur upon the Key. I am indebted to Prof. J. D. Dana for the 
following results of hia cry stall ograp hie examination of meta- 
brushite and its pseudomorphs, 

"System monocliiiic. Occurring planes the prismatic i-i 
(orthodiagonal) and i-i (eli nodi agonal) with a hemidome which 
may be lettered -1-i, as shown in the annexed sectional figure, 
(fig. 2,) w on -1-1=41° 30'-42° 30', as measured 
with the common goniometer, but varying in some 
cases between 38° and 46°. . . . Large crys- 
tals, which vary from a fourth of an inch to an inch 
in length, often nearly half as broad as long, with 
commonly only i-i smooth, -l-i being crossed vertj- 'i 
cally by a few deep furrows and ridges, aad round- 
ing either side into i-i, which is also uneven from a 
series of furrows parallel to those of -l-i, (see fig. 
3). Cleavage clinodiagonal, easy and pearly. The 
crystals differ in the occurring planes from those of 
brushite, although like them in being of the mbno- 
clinie system, and in having a pearly clinodiagonal 
cleavage. They approximate moreover in the 
angle t-i:-l-t; for calculation gives for this angle 
in brushite (in which the plane -l-i does not occur) 41° 44'. 
The discovery of other crystals at Sombrero with additional 
planes, and those that are better for measurement, is necessary 
to settle positively the question of identity." 

PsetulomoTjihs. — Pseudomorphous crystals (hollow crusts or 
shells) in considerable abundance have been found in certain 
localities in the course of quarrying. Of these 
at least the two following varieties may be un- 8- 

hesitatingly referred to metabrushite, possessing 
the same lorm and the peculiar furrowed planes, i 

A. ZeugiU.—R. =8-25. Sp. gr.=2-971. Color 
white, and with light shades of yellow and 
brown. Translucent. The crust in these crystals 
usually very thin, brittle, and fragile. The ex- 
terior surface is tolerably smooth (on the ortho- 
diagonal plane,) though without lustre; but the 
interior, on being broken open, is extremely rag- 
ged and irregular. Both surfaces are often, but 
not always, completely covered with gHtlering points, which 
beneath the microscope are revealed to be tiny rhombs of calcite. 
Ail. Jour. Bci.—Sscovit Seribs, Vol. XL, No. U9.— aKn.,iaa5. 
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This rare variety of the pseudomorphs was found associated in 
the same cavity with the large group of crystals of metabrush 
ite before raentioned in stellated, radiating, and irregular groapg 
and drusy crusts, adhering to guano and also to the sides o: 
cavities in the limestone. A few are also attached to the large 
group itself, showing the commencement of the pseudomorph 
ous process. Two analyses of this material follow, of which 
is the mean of two almost complete analyses of the same speci 
men, in which the phosphoric acid was determined by means o 
oxyd of mercury. 



Moisture, . - . 

Water and organic matter, - 
Sulphuric acid, - - - 

Carbonic acid, 
Phosphoric acid, 
Magnesia, - - - 

Lirae, - - - - 

Alunaina and sesquioxyd of iron, 
Fluorine, • * - 
Chlorid of sodium, 



I. 


n. 


•08 
2-99 


2-9'7 


•39 


trace. 


trace. 


•48 


41-01 


46-03 


3-26 


3-92 


44-18 


44^24 


•54 


•78 


trace. 


trace. 


undt. 


1^08 


98^60 


99-50 



Mean. 

3-02 

•19 

-24 

46-65 

3.59 

44-21 

'QQ 

trace, 

1-08 

99-54 



In grouping together these results we must of course, in thi 
first place give to the percentages of sulphuric and carboni( 
acids their equivalents of lime, and to that of magnesia sufficien 
phosphoric acid to form the salt, 3MgO, PO^. There only re 



main — 



Atomic ratioi. 



Lime, 43'78 1-56 8 

Phosphoric acid, - - - 42*28 -59 3 

If we calculate to the lime its proportion of phosphoric acid 
to form the bone phosphate, 3CaO, PO,, five per cent of phos 
phoric acid will still remain uncombined, except with the trifling 
quantity of alumina and oxyd of iron. From these considerations, 
necessary to elucidate the proper method of combining the re- 
sults, (a question almost always a matter of great doubt and un- 
certainty,) the following arrangement seems the most probable: 

Water and organic matter, 2'93 

Sulphate of lime, .-.--- •41 

Carbonate of lirae, -54 

Phosphate of lime (8CaO, 3PO5), - - - 86-62 

Fhiorid of calcium, - - . - - - » trace. 

Phosphate of magnesia, - -^ - - - 7'8C 

Phosphates of alumina and iron, - ... I'lo 

Chlorid of sodium, 1-08 



99 54 
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This is therefore a new but accidental product, and although 
it is amorphous and there is no apparent relation between the 
constituents, (the phosphate of magnesia, alumina, etc., prob- 
ably occurring in variable proportions, here as elsewhere,) never- 
theless it diflfers somewhat in appearance from every other phos- 
phatic material upon the Key, and is the only substance, I 
believe, in which this phosphate of lime, 8CaO, SPOg, occurs in 
nature. Tliis salt is the one whose occurrence in bones, as re- 
ported by Berzelius, as well as certain methods for its manufac- 
ture, were ascertained by Raewsky to be incorrect; but no evi- 
dence has been offered against its identity (with the addition, 
perhaps of some proportion of water) with the precipitate 
formed* by pouring chlorid of calcium, drop by drop, into a 
solution of phosphate of ammonia, containing an excess of am- 
monia, until half the phosphoric acid is thrown down. In the 
following table its composition, together with that of the bone 
phosphate of lime, are put side by side for the sake of compar- 



ison: 



8CaO, . 
3P0. 



- 225-04 61-248 
21408 48-752 



43912 100- 



3CaO, - 
PO,, 



84-39 54-183 
71-36 45-817 



155-75 100- 



Iq this case the salt has probably been formed by the union 
of an equivalent of the neutral phosphate of lime of the original 
crystals of metabrushite with two of the bone phosphate of lime 
of the pseudomorphous solution, and the old theory of its com- 
position is thus confirmed, (rejecting the water :) 

2CaO, P05-j-2(3CaO, POJ=8CaO, S¥0^. 

To express, therefore, the junction in this mineral of meta- 
brushite and ornithite, (soon to be described,) it may be called 
Zeugile {l^evyitijg^ yoked or joined together,) and the other phos- 
phates, etc., present, may be considered, as usual, impurities. 

In the platinum forceps, before the blowpipe, it darkens with 
an empyreumatic odor, whitens, glows with a greenish light 
(though not so strongly as in the case of brushite and meta- 
brushite,) but does not fuse, even upon thin edges. In a closed 
tube it darkens, with the odor, whitens, and gives off a very 
little hygroscopic water. With borax, microcosmic salt, and 
carbonate of soda, it acts like ornithite. When boiled in a test- 
tube with water, the latter becomes alkaline. 

In cavities of the limestone in another locality of the Key, a 
variety of these pseudomorphs has been found in which the 
hemidome, -1-t, is invariably covered with many small crystals. 
In the same cavities also occur large hollow hemispherical and 
botryoidal crusts. These are probably pseudomorphous crystals 

* Berzelius, Traits de Cbem., It, 386. 
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of metabrusliite, with the angles rounded off by a concretionary 
tendency in the pseudomorphous process, or t&ey may be pseu- 
domorphs of massive specimens of the mineral. Their material 
resembles that just described, in color, etc., (except that it is not 
drusy with calcite,) and it has probably the same composition. 

B. Color straw yellow, buff, to dark shades of brown. Sub* 
translucent — opaque. Brittle. Crusts rather thicker than those of 
A, without the glittering surfaces. Found in isolated crystals, 
irregular groups, and drusy films, in cavities and fissures of the 
limestone, and in radiating groups upon stalactitic deposits of 
phosphate of lime. From their color and furrowed sides they 
often resemble little chips of wood. 

C. Sp. gr. =2-988-3-030. Color straw yellow, buff, and shades 
of brown. Opaque. Brittle. Narrow blades, sometimes an 
inch and a quarter in length. In radiating or irregular groups. 
Crust thick ; sometimes so much so that the crystals are nearly 
or quite solid. Occurs in limestone cavities. The following are 
a complete and a partial analysis of different specimens, the lat- 
ter having been spoiled by an accident : 

I. II. 

Water and organic matter, - - - 3*98 3 '88 

Sulphuric acid, ----- '18 — 

C«rbonic acid, - - - - - 1*74 a little 

Phosphoric acid, - - - - 43*24 — 

Magnesia, - '56 — 

Lime, 48-87 47-15 

Alumina and sesquioxyd of iron, - - 1*02 — 

Fluorine, trace, trace, 

Cliiorid of sodium, . - - - | — 

99-59 

In grouping these results by the method employed in the case 
of A, if we calculate the remainder of the lime as bone-phos- 
phate, 3 per cent of phosphoric acid will remain uncombined ex- 
cept with alumina and iron. It seems more judicious, thei-efore, 
to suppose the existence of a mixture of the two phosphates of 
lime in this case, and arrange the analysis, for example, as fol- 
lows: Water and organic matter, 39(); sulphate of lime, '39; 
carbonate of lime, 3-95; phosphate of lime (8CaO, 3P0J, 
85-28 ; bone phosphate of lime, (3CaO, PO^,) 52-49 ; phosphate of 
magnesia, 1*22; phosphates of aluminaand iron, 2 36; fluoridof 
calcium, trace ; =99-59. As the narrowness of the pseudomorphs 
of this variety is unusual among at least the known crystals 
of metabrushite, they may possibly be pseudomorphs of prisms 
of brushite, if such ever existed on the Key. In ray first pub- 
lished statement' of the discovery of metabrushite, I errone- 

* ThU Jour., [21 xxxvi, 424. 
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onsly attributed to its composition the results of a qualitative 
examination of the foregoing pseudomorphous material. No 
analysis has been made of the material of variety B, but it is 
probable that in both B and the material always consists of 
zeugite, with bone phosphate of lime (as well as the phosphates 
of magnesia, etc.,) as an impurity, in proportions increasing 
until perhaps the amount of 8CaO, SPO^ becomes too small ta 
be distinguished. 

5. Ornilkite, — In the empty casts of Madrepores and other 
cavities of the coral limestone, in two localities of the southern 
part of the Key, another new mineral occurs. 

System monoclinic. Small crystals, not over a fourth of an 
inch in length, usually very narrow, with the planes even and 
not polished, and -1-t very slightly convex, resembling some- 
what a common form of gypsum. Clinodiagonal cleavage 
perfect; so that this, unlike the other minerals, is easily sec- 
tile into very thin scales; two other planes, as in gjpsum. 

The broader crystals are arranged in radiating groups, while 
most of the narrower are isolated and strewn irregularly over 
the surfaces of the cavities. No massive specimens of the min- 
eral have yet been found. 

Hardness =2*5 ; (just scratches mica when rubbed upon it). 
Lustre pearly on clino-diagonal surfaces. Color white. Streak 
and powder white. Translucent. Flexible. 

When heated before the blowpipe in a closed tube, it darkens 
with a feeble empyreumatic odor, loses water, and again on igni- 
tion becomes white, opaque, and lusterless. It is probable that 
the water condensed above is neutral to the test-papers. In the 
platinum forceps and on charcoal, the mineral undergoes the 
same changes and does not fuse.'' When previously moistened 
with sulphuric acid, the greenish tinge of phosphoric acid is im- 
parted to the flame. With borax and with microcosmic salt it dis- 
solves readily, and apparently with greater effervescence than in 
the case of massive brnshite or metabrushite, to a bead which is 
clear and colorless both hot and cold ; when nearly saturated, 
the bead is yellowish while hot, clear and colorless when cold, 
and becomes white and opaque by flaming: with a still greater 
excess, the bead is transparent and yellowish while hot, and be- 
comes white and opaque on cooling. Eeadily soluble in nitric 
and chlorhydric acids. In thin scales it exhibits a feeble display 
of colors under the polarizing microscope. 

The amount of this mineral in my possession being very small, 
only about one-tenth of a gram of pure crystals could be used 
for analysis, and it was first carefully dried at 100° C, with but 

"* On account of the small sice of the fragments and their mobility before the 
blowpipe flame, I was unable to determine the effect of a lon^ continued ignition ; 
but At the end of a minute's ignition no trace of fusion could be perceived. 
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trifling loss. With this two water determinations were first 
made, fiom -048 and .058 grame respectively of unbrokea 
crystals, as follows : 

Temperature 

of expulsion. I. U. Mean. 

250° 0. 

strong ign. 



I. 

3-918 
6164 


n. 

9-827 


9-072 


9-827 



.... 



9*449 



Water, 

Water and trace of org. matter, 

Total, 

A tendency is thus shown to the expulsion of one equivalent 
(in the formula obtained below) below 250^0., and the reteation 
of the other until ignition. The ignited residues were combined 
and analyzed in the usual manner, with the following results: 



Water and trace of organic matter, 
Phosphoric acid, - . - 
Magnesia, - - - - 

Lime, 

Alumina and sesquioxyd of iron, 



• 




Oxygen ratios. 


9-449 


8-4 


1- 2 


40-139 


22-5 


2-67 6 


trace. 






45-768 


13-2 


1-64 3 


4-623 







99-979 



No attempt was made to test for sulphuric acid and fluorine, 
traces of which may occur. These results correspond to the 
formula 3CaO, P05+2aq., so that this mineral is identical in 
composition with the gelatinous precipitate produced when the 
bone-phosphate of lime is thrown down from solution. The fore- 
going figures may be arranged as follows : 

« 

Organic matter, - - . . - trace. 

Alumina, oxyd of iron, and their phosphates, 6-061 

Phosphate of magnesia, . , . trace, 

3CaO - - - 45-768 

POg, - - - 38-701 

2aq., - - . 9-762 94-231 

100-292 

I do not think that I can do better than to dedicate this spe- 
cies to my old comrades, the sea-birds of Sombrero, (S^v*g, a 
bird,) to whom we are mainly indebted for the contribution of 
the guano-deposit to American agriculture, and for the formation 
of this interesting companion to apatite. Its physical charac- 
teristics, even more than those of metabrushite, correspond re- 
markably with those of gypsum, to which species it is also allied 
in its formula and mode of crystallization. 

P.'ifiudomorphs. — a. White and yellowish white crystals, with 
glittering surfaces and a material somewhat similar in appear- 
ance to the A of metabrushite ; the crystals differ usually in their 
greater slenderness. These occur in cavities of the limestone, 
intermixed with the crystals of ornithite. 
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b. Hemispherical stellated groups. Color white. Opaque. 
Friable. 

No analysis has been made of the material but I suppose it to 
be identical with that of the original crystals, minus the water. 
They occur intermixed with the original crystals; and also as 
solitary white groups, dotting over in marked contrast the dark 
brown phosphatic lining of cavities in the limestone. 

In conclusion it may be observed that specimens of all these 
phosphatic minerals are exceedingly rare, few having been 
found since my departure from Sombrero (in the spring of 1864). 
Good specimens of the pseudomorphs are also uncommon, 
though imperfect or drusy crystals have occasionally been found 
in tolerable abundance on the opening of some new vein. It is 
a universal rule, when the original or the pseudomorphous crys- 
tals occur in cavities of the limestone, that they are never in 
direct contact with the matrix, a film or thin layer of a common 
brownish material, rich in bone-phosphate of lime, always inter- 
vening. As to my theory in regard to the origin and history of 
these minerals and of their pseudomorphs, I must refer to the 
coming publication of my general observations on Sombrero. 

It is suflScient here to state that they have undoubtedly been 
deposited from the salts of the superficial guano-deposit brought 
down in solution by carbonated rain-waters into the joints of 
the limestone. 

School of Mines, Columbia College, New York. June, 1865. 



Art. XXXIX. — On Two Varieties of Sponge-Spicules ;^ by 

Alexis A. Julien. 

In clearing the white coral-sand out of a crevice of the rock 
near the east cliflF of the Key of Sombrero, W. I., a loose mass of 
snow-white acicular fibres was found, associated with fragments 
of coral, shells, etc., at the height of thirty -six feet above the sea, 
and imbedded in the sand at a depth of about three feet from 
the surface. Among these fibers the two following varieties 
were distinguished, the former composing the bulk of the 
mass: 

A. Acicular, tubular, and gently-curving spicules (fig. 1, a), 
tapering from the middle toward each end, at first very gradu- 
ally, and then rather suddenly at a short distance from the end, 
to a rounded point. 

' My grateful acknowledgements are due to Prof. O. N. Rood of the School of 
Mines, Columbia College, for the use of his microscope and for general assistance 
and advice, and to Prof. 0. F. Chandler of the School of Mines, for the facilities of 
his laboratory. — a. a. j. 
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The carvatnre of the ordinary spicules is in general very 
slight, and they are aometimes nearly straiffht. Among them, 
however, other forma occur (fig. 1, 6) whose length is about the 
tiAsii of an inch, and whose ourrature amount to that of a semi- 
circle. These I take to be rudimentary apicnles and supposa 
that they may lose their curvature in their enlargement. 




tgnified 14 diBDieteni fig. S, 3S0 diametani fig. 3, 127 diuneton. 



The sudden contraction near each end of a spicule occasions 

an irregular slope (fig. 2, a) or perhaps more frequently a series 
of from two to nine steps (fig. 2, b) consisting of a succession of 
curved planea. This slope ia uaually from ■j-^^'o^ to y^n of an 
inch in length, and it not only varies greatly in length and form 
in different specimens, but sometimes at the ends of the same 
spicule. 

The transverse sections of the spicules are generally circular, 
though sometimes somewhat elliptical, and the outer surface 
appears perfectly smooth. When the spicules are examined 
under a high power, a aeries of very fine parallel lines can he 
distinguished on either side of the central tube (fig. 2,6). In 
the transverse sections also (flg. S), a series of very numerous 
but uaually very faint concentric rings is often revealed, of which 
from three to five, adjacent to the center, are ofhen most strongly 
marked and sometimes can alone be distinguished. "We may 
therefore conclude that each spicule is constructed of a great 
number of enveloping sheaths. (They are much too remote in 
the figure.) 

The section of the tube ia generally circular, but sometimes 
triangular, elliptical, or oval. Its diameter diminishes, like that 
of the spicule, near each end, but the tube evidently extends 
through to the outer surface, since when an unbroken spicule is 
immersed in water the liquid enters the capillary tube by the 
orifice at each end. When magnified, a portion of a sjpicolo . 
bears a strong resemblance to a thermometer tube. The oimen- J 
sioas are: — I 
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Length, 

Diameter at middle, - - - 
" " end, - - - . 
Ratio of middle diam. to length, 
Ratio of middle to end diameter, 
Diameter of central tube, - - 
I Ratio of bore to diameter, 



Variation. 



^^V^'Ti-iirjnch 



JVfean. 


No. of 

Measurem'tt. 


•f inch 


40 


T+y inch 


58 


■QT5T5U inch 


15 


i-4f 


8 


i 


13 


■ttVf iocb 


45 


* 


45 



The range in the variations of the measurements and of the 
ratios is consequently very considerable, and the same conclu- 
sion is impressed by a simple examination of a few spicules 
under a microscope, without measurement. Some of the long- 
est spicules are the narrowest, and the thickness of the walls of 
the tube seems to bear no fixed relation to any other dimension. 

A portion of the mass was carefully cleansed, by digestion 
with acidulated and with pure water, from the intermixed impu- 
rities, particles of sand, etc., and on analysis yielded the follow- 
ing results : 

Water, ..... 7-902 

Silica, ..... 89-84 

Alumina, .... - •29 

Protoxyd of iron, .... '09 

Lime, ..... '66 

Magnesia, - - - - - '22 

Potassa, ..... -ea 

99-63 

Hardness =8. Specific gravity =2-071. Color white. Lus- 
ter pearly. Powder white. Transparent. Elastic. Easily 
ground to a very fine powder. Fracture conchoidal. Trans- 
verse planes of fracture very distinct ; so that on coarsely pul- 
verizing the spicula, very thin and beautiful transverse sections 
may be readily obtained among the fragments. The material 
does not possess double refraction. 

In the platinum forceps or on charcoal, before the blowpipe, 
the spicules decrepitate slightly, whiten, lose their luster, and 
curl together into a coherent mass. When this mass is exam- 
ined beneath a microscope, the ends of* the spicules are found to 
be fused and in many cases blown into thin bulbs, or a series of 
bulbs occurs along their stems. This has evidently been effected 
by the fusion of their ends and the expansion of the air in the 
tubes. In a closed tube the spicules whiten, curl, and yield 
water. Unaffected by the acids, hot or cold, but readily soluble 
in a solution of caustic potassa. 

B. Acicular, tubular, and gently-curving spicules, tapering 
gradually from the middle toward either extremity. Only about 

Am. Jour. Scl—Second Series, Vol. XL, No. 120.— Nov., 1865. 

49 
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a dozen specimens have been observed, all of which were frag- 
ments like that sketched in fig. 4. These fragmentary spicules 
differ from those of A in their minute size and in being marked 
by a series of from nine to sixteen nodes, each consisting of from 
four to eight sharp spines encircling the spicule. From their 
general corresponaence to the spicules of A, in their curving and 
tapering outline and tubular character, as well as from an anal- 
ogy (stated below) in regard to the number of the spines upon 
the nodes, I have ventured in fig. 4 to reproduce in lighter lines 
the lost portion of the spicule. 

4. 




Magnified 486 diameters. 

The surfaces between the nodes are more or less concave, and 
the intervals, though nearly equal in the same spicule, vary from 
the YajT ^o the ^^Vir ^f ^^ inch, averaging the aeVv' but this 
variation seems to be partly occasioned by the contraction of 
the intervals between a few of the central nodes, and in the 
larger specimens the length of the intervals (as well as the dis- 
tance of the extreme node from the end of the spicule,) is quite 
regularly the ^^^Vtt of ^^ inch. 

In the smaller spicules the nodes are crowded nearer together, 
are apparently composed of minute rounded projections, and 
resemble rings or raised fillets ; but in the larger the spines are 
distinct. 

These spines are acute and conical, like the extremities of the 
spicule. Their length varies slightly and irregularly among the 
nodes but never exceeds the t2 Jtto of ^^ inch. 

The number of spines on each node diipinishes from the frac- 
tured end towards the apex of the spicule, but in a progression 
which varies in different specimens. In the largest spicule found 
(fig. 4) the grouping of the spines seems to be as follows from 
one extremity of the perfect spicule to the other, supplying from 
analogy those upon the unseen side and upon the lost half of 
the spicule: 

Groups. 3 nodes (terminal), Spines on each node 4 total 12 

8 nodes, " " " 6 " 48 

3 nodes (central), " " " 8 " 24 

8 node-s " " " 6 " 48 

3 nodes (terminal), " " ** 4 " 12 

Total, 26 nodes, 144 spines. 

In the same way, another specimen had two central nodes of 
8 spines each, five nodes on either side of 6 spines, and three ter* 
minal nodes of 4 spines: 100 spines in all. Again, in other 
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specimens, no 8-spined nodes seem to be present, but my o bger 
vations have been too few to determine the extent of the 
variation. 

The ceatral tube appears to pass uninterruptedly through th e 
nodes, to diminish in breadth towards the extremity of the spic- 
ule, and to present an open orifice there, into which the water 
enters when the spicule is immersed. The dimensions of these 
spicules are as follows: 



Length, ------- 

Diameter at middle, - - - 
** emi, . - . - 
of central tube, - - 

Ratio of bore to diam. of spicula, 



i( 



u 



Variatioa. 



sis - JFir Jp<^h 
T^icrTF-WfT inch 



Mean. 



sir '»<^*i 

? 
suiuTT ^°ch 



i 



No. of 

Measui e. 

meats . 



9 
9 
1 
3 
3 



• The chemical and physical characteristics of this variety are 
apparently identical with tho?e of the former. 

Both these varieties are related to the spicules of sponges, in 
their general characteristics; and I learn from Prof. A. E. Ver- 
rill that a sponge secreting such spicules exists in the West 
Indies. They may come from species of Hyalonema, which, 
according to published descriptions, are Gorgonioid corals having 
an axis of parallel siliceous fibers; but Mr. Verrill states that 
the species of Hyalonema are probably sponges. However this 
may be, there is a decided parallel arrangement in certain por- 
tions of the original mass, and even a firm cohesion of little bun- 
dles of the parallel fibers, which may imply that they were not 
disseminatea through their organic matrix in the irregular man- 
ner usual to the spicules of a sponge, but occurred in a coherent 
mass of parallel fibers. 

Although the mass of spicules is so light as almost to float, 
nevertheless it rapidly falls to pieces when placed in water. It 
is probable therefore that it has not been thrown up by the sea 
in its present form but is the residue from the decomposition of 
a sponge in the sand. Many sponges have been frequently 
thrown up by heavy ground swells at the locality in which the 
mass was found. The negroes state that similar white masses 
have been observed on the beach of the island of St. Martin. 

School of Mines, Columbia College, New York. June, 1866. 
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Abt. XTYTY — Researches on tlie Volatile Rydrocarhons ; by 
■ C. M. Wakren* 

Of thi Calculated Boiunq-fointb of Htdrocabbons bt Scerodeb's 
TaKORT, 

The subjoined tablea exhibit the theoretical boiling-points of 
the above mentioned hydrocarbons,' as calculated according to 
Schroder's last theory, in comparison with the boiling-poinU 
actually found. By this theory, as already stated, eneb double 
atom of carbon (Cj) contained in a body is anpposed to in Q a- 
ence the boiling-poiEt by 30°, and each double atom of hydrogen 
(H,) to inflaence the same — 10°; from tlie sum of these influ- 
ences the number 70° ia in all cases to be deducted, in order to 
find the boiling-point. 

1. Hydrocarbons from Pennsylvania Petroleum. 





DKeral.i'^d 






Fotmult 


^Tr^l^T 


mliie.1 biilllni polnl. 


C> TI,„ 


0-0 (!) 





" 


C,oH,2 


302 


20 


10-2 


c.ai,. 


61-3 


40 


21.3 


C,ill,, 


00-4 


60 


30.4 


C,aH,B 


1195 


80 


39.5 


C,,H,„ 


15i)-8 


100 


50.8 





2° SraiKi' 


























C pH.a 


8-9 





8-9 


C,oH,j 


37'0 


20 


n-o 


C.sHj^ 


08-5 


40 


2S-5 


C,,H,B 


08-1 


CO 


38-1 


c„ii,. 


1276 


80 


47-a 





So SWCM. 


(Not completed 




































C^oH,^ 


174-9 


130 


44-9 


^ll^ll 


195-8 


150 


45-8 


Cj^H,^ 


216-2 


170 


48-2 



• Concluded from p. aaS. 

' Tu nviild ujt:les9 ruputltion, the bjdrocarbong from Albert coal oil vill !» 
omitted in tliis series of tables, the; being eonaidered identical with the coctM- 
poadlag bodies from petroleum. ' See fuot-aote on page 227. 
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2. Hydrocarhons from Goal-tar Naphtha. 



Name of substance. 


Formula. 


Determined 
boiling point 


Calculated boiling- 
point by Schroder's 
theory. 


Difference between 
('alculated and deter- 
mined boiling-point. 


! Benzole, 
Toluole, 
' Xylole, 
' Isocumole, 


^I2]g6 
^14^8 

^18^X2 


80-0 
110-3 
139-8 
169-9 


o 

80 
100 
120 
140 


o 

00 
10-3 
19-8 
29-8 



3. The Homologous Hydrocarhons from Oil of Cumin and Ouminic 

Acid, 



Naroo of substance. 


Formula. 


Determined 
boiling-point 


Calculated boiling- 
point by Schroder's 
theory. 


Difference between 
calculated aird deter- 
mined boiling-point. 


Curaole, 
Cyniole, 


C,8H,2 
*^20*il4 


151-1 
179-6 


o 

140 
160 


o 
11-1 

19-6 



It appears, therefore, that the theory of Schroder finds no 
support from any one of the different series of hydrocarbons 
presented in these tables. The discrepancy between the observed 
and calculated boiling-points, as shown, varies from about 10° to 
60** C. This discrepancy is found to increase pretty uniformly 
by about 10° as we rise from one member to the next higher in 
the ascending series. In the series of the formula Cq Hn, how- 
ever, the discrepancy is nearly a constant one, viz. about 46®. 
I would not overlook the fact, that the calculated boiling-point 
of benzole is absolutely identical with that found by experiment; 
nor the remarkable coincidence, that the agreement is almost 
perfect between the probable boiling-point, and that obtained by 
calculation, for the body of the probable formula Cg H, ^ in the « 
1st Series from petroleum. It is obvious, however, that these 
are merely accidental circumstances, to which no importance can 
attach. 

Of the Calculated Boiling-points op Htdrocarbons by Lowig's 
Theory, viz. that One Atom of Carbon (C) raises the Boiling- 
point 38^-4, AND One Atom of Hydrogen (H) lowers rr 29^-2. 

Hydrocarbons from Pennsylvania Petroleum, 

IsT Series. 



Formula. 


Determined 
boiling-point. 


Calculated boiling- 
point by Lcewig's 
theory. 


Difference between 
calculated and deter- 
mined boiling-point 


^18'^20 


0°0 (?) 

30-2 

61-3 

90-4 
119-5 
150-8 


o 
15-2 

33-6 

520 

70-4 

88-8 

107-2 


o 

3-4 

9-3 

20-0 

30-7 

48-6 
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2d Series.' 



Formula. (1) 


Determined 
boiling-point 


Calculated boiling- 
point by Ixewig'8 
theory. 


Difference between 
calculated and deter- 
mined boiling-point 


^8 Hjo 

'^14^16 
^16^18 


o 

8-9 

370 

68-5 

98-1 

127-6 


o 
15-2 

33-6 

52-0 

70-4 

88-8 


6-7 

3-4 

16-5 

27-7 
38-8 



3d Series. (Not yet completed.) 



. Formula. 


Determined 
boiling-point 


Calculated boiling- 
point by Loewig's 
theory. 


Difference between 
calculated and deter- 
mined boiling-point 


^20^20 
€22^22 
^24^24 


174°9 
195-8 
216-2 


184°0 
202-4 
220-8 


10-9 
6-6 

4-6 



A cursory examination of the last three tables will suiS&ce to 
show that, so far as regards the hydrocarbons of the formulae 
Cn Hn and Cn Hn+3, the theory of Lowig also has no foundation 
in fact. That his theory did not hold good with the hydrocar- 
bons of the formula On Hn-e was observed by Lowig himself, 
who found that it would place the boiling-point of benzole at 
285^*6, i. e. 205° above its acjtual boiling-point. 

Of the Calculated Boiling-points of Hydrocarbons by Gerhardt's 

Theory. 

"We come finally to test the law of Gerhardt, above mentioned. 
Inasmuch as this law was especially designed to apply exclu- 
. sively to the hydrocarbons, — upon the observed boiling-points of 
some of which it was indeed founded, — we should naturally ex- 
pect to find this more in accordance with facts than either the 
hypothesis of Schroder or that of Lowig, both of which claimed 
to be of more general application, and were framed more es- 
pecially with reference to other classes of substances. The facts 
presented in the following tables will show, however, that this is 

1. Hydrocarbons from Pennsylvania Petroleum, 

1st Series. 



Formula. 


Determined 
boiling-point 


Culculnted boiling- 
point by Gerliardt's 
theory. 


Difference between 
calculated and deter- 
mined boiling-point 


^10^12 

^14^16 
^16^18 
^18^20 


0°0 (?) 

30-2 

61-3 

90-4 
119-5 
150-8 


o 

-80 
12-5 
33-0 
53-5 
74-0 
94-5 


o 

17-5 
28-3 
36-9 
45-5 
66-3 



' Bee {ooVnote on v&ge 227. 
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far from being the case ; and that the theory of Gerhardt, as 
well as those of Schroder and Lowig, so far as these relate to the 
hydrocarbons, was by no means legitimately drawn from nature, 
but is altogether artificial. 

2d Series.* 



Formula. (7) 


Determined 
boiling-point. 


Calculated boiling- 
point bv Gertiardt's 
theory. 


Difference between 
calculuted and deter- 
mined boiling-point. 


^8 Hjo 
^14^16 


o 

8-9 

37-0 

68-5 

98-1 

127-6 


o 

-8 
12-5 
33-0 
63-5 
74-0 


16-5 
24-5 
35-5 
44-6 
53-6 



3o Series. 



Formula. 


Determined 
boiling-point. 


Calculated boiling- 
point by Gerhardt's 
theory. 


Difference between 
calculuted and deter- 
mined boiling-point. 


^20^20 
^22^22 
^24^24 


174'!9 
195-8 
216-2 


13<°0 
150-5 
171-0 


44-9 
45-3 
45-2 



2. Hydrocarbons from Coal-tar Naphtha. 



Name of substance. 


Formula. 


Determined 
boiling-point. 


Calculated boiling- 
point by Gerhardt's 
theory. 


Difference between 
observed and calcu- 
lated boiling-point 


Benzole, 
Toluole, 
Xylole, 
Isocumole, 


^12^6 
C24"8 

^18^12 


800 
110-3 
139-8 
169-9 


93°0 
113-5 
134-0 
155-5 


13°-0 
3-5 
6-0 

15-5 



3. Hydrocarbons from Oil of Cumin and Cuminic Acid, 



Name of Substance. 


Formula. 


Determined 
boiling-point. 


Calculated boil- 
ing poml by Ger- 
hardt's theory. 


Difference between 
observed and calcu- 
lated boiling-point. 


Cnmole, 
Cymble, 
Cumo-oil of turpentine, 


^18^12 
^20^14 
^20^16 


15°-1 
179-6 
155-4 


154-5 
1750 
1600 


+ 3°4 
-4 6 
+4-6 



The chief conclusions deduced from the foregoing facts and 
considerations may be briefly summed up as follows : 

1. That the boiling-point difference for the addition of Cg H, 
in homologous series of hydrocarbons is generally 30° C, which 
is"a much larger difference than has been commonly supposed. 

2. That of the five series of hydrocarbons examined, only one 
series was found exceptional to the rule just stated, and this pre- 
sented the boiling-point difference of about 20°, which is but 

* See footnote on page 227. 
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little larger than the number 19°, which Kopp found so common 
with other chiases of substances. 

8. That certain series of derivatives from the benzole series of 
hydrocarbons present boiling-point differences corresponding to 
the elementary difference of OaHj, considerably smaller than 
the number 19° of Kopp. 

4. That the formulae of Schroder, Lowig, and Gerhardt, for 
the calculation of boiling-points, so far as these may be supposed 
to relate to the hydrocarbons, are incorrect and purely artificial. 

5. That the custom of taking boiling-points with the bulb of 
the thermometer in the vapor is more liable to lead to an erro- 
neous determination, at least in certain cases, than if the bulb be 
placed in the liquid. 



SCIENTIFIC INTELLIGENCE. 

1. Iron regions of Arizona ; by W. P. Blake (from a letter to J. D. 
Dana, dated San Francisco, Cal., Aug. 31, 1865). — Your note in the 
Journal (xxxix, 358,) upon the probable Azoic age of the iron ores of 
Mexico, described by Mr. Manross, induces me to send you a notice of the 
great abundance of specular iron ore in the upper part of Arizona, near 
Williams fork of the Colorado, observed by me in 1863. The ore is 
chie6y the micaceous variety, and occurs in thick beds and in thin sheets 
in a ferruginous limestone or dolomite, evidently metaraorphic, and tilted 
at a high angle. The whole forms a belt of peculiar appearance, 
which may be traced by the eye for miles across the country in a direc- 
tion a few degrees south of west, so as to pass over the Colorado, and into 
the limits of California. It is interst ratified with chloritic and talcose 
slates, gneiss and granite, and the series has yielded both copper ores and 
gold. The iron ore is found in large boulders or blocks in most of the 
ravines ; and as it resists decomposition by the weather better than the 
limestone, it stands out upon its surface in rough sharp ridges. Numer- 
ous specimens of similar ore were collected in the ranges north, and on 
the Cerbat and Aquarius mountains, by Lt. Whipple's party in 1863, of 
which Mr. Marcou was the geologist. It would thus appear that the 
ferruginous formation extends over a considerable area north and south, 
and it may possibly be connected with the Mexican series, and bo pre- 
silurian. The antiquity of the Aztec and the Aquarius ranges and the 
metaraorphic region about them, as compared with the Sierra Nevad* 
and the Rocky mountains, was commented on by me in vol. iii, p. 59 of 
the Pacific R. R. Reports. At Williams fork a heavy white sand-rock and 
a conglomerate, of ancient appearance, overlie the granitic and raeta- 
morphic series unconformably. [If the above iron-bearing rocks are 
true pre-silurian, they afford, we believe, the first example yet published 
of such rocks being auriferous. The beds of iron ore to be of value as 
evidence of age should be of extraordinary thickness. — j. d. d.] 

2. On an oil-well boring at Chicago ; by Geo. A. Shufeldt, Jr. (From 
A Jetterto Pro£ Erni, dated Chicago, Sept. 16, 1865, and communicated 
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for this Journal.) — I have recently bored a well at Chicago 711 feet in 
depth. The surface rock is the Upper Silurian ; for the first forty feet it 
18 porous and much decomposed ; and it is so filled with petroleum that 
when exposed to the sun the oil oozes out, and the rock will burn almost 
like coal. From this rock, when the well was forty feet deep, I pumped 
100 gallons of oil, but the fountains or sources of the oil were evidently 
much deeper, as the drill proved. The next stratum, 200 feet thick, is 
what we call here Joliet marble, from the name of the place where it 
outcrops; it is a yellowish-white stone and very compact, and afibrds no 
signs of oil. Next below, for 200 feet, there are bands of grey limestone 
with oil in the seams; then a band of shale, 156 feet thick, saturated 
with petroleum. This shale I understand separates the Upper and Lower 
Silurian, and where it (the shale) rests upon the underlying rock, oil was 
found in considerable quantities. Beneath this shale we entered the first 
band of sandstone rock of a reddish color, abounding in oil, and having 
a thickness of 7 1 feet. 

At a depth of 711 feet we penetrated a stream of water which stopped 
further progress. This water is perfectly limpid, and is free from all 
traces of sulphur or other disagreeable minerals, and flows 500,000 gal- 
lons of water per day through a 3^ inch orifice. Its head is 120 feet 
above Lake Michigan. 

3. On tJie Drift in Brazil^ and on decomposed rocks under the Drift ; 
from recent observations by Prof. Agassiz. Communicated for this Jour- 
nal by Alexander Agassiz. — At Tijuca, a cluster of hills about 1,800 
feet high, and about seven or eight miles from Rio, there is a drift hill 
with innumerable erratic boulders as characteristic as any ever seen in 
New England. Prof. A. had before seen unmistakable traces of drift in the 
Province of Rio and in Minas Geraes ; but there was everywhere con- 
nected with the drift itself such an amount of decomposed rocks of vari* 
ous kinds, that it would have been difficult to satisfy any one not familiar 
with drift that there is here an equivalent of the northern drift. There 
is found at Tijuca the most palpable superposition of dnft and of decom- 
posed rocks, with a distinct line of demarcation between the two. 

This locality afforded an opportunity of contrasting the decomposed 
rocks, which form a characteristic feature of the whole country, with the 
superincumbent drift, so as to be able hereafter to distinguish both, 
whether found in contact or separately. These decomposed rocks are 
quite a new feature in the structure of the surface of the country. Gran- 
ite, gneiss, mica slate, clay slate, in fact all the various kinds of rocks 
usually found in old metamorphic formations are reduced to the condition 
of a soft paste, exhibiting all the mineialogical elements of the rocks as 
they may have been before they were decomposed, but now completely 
disintegrated, and resting side by side as if they had been a:;cumulated 
artificially. Through this loose mass there were here and there larger or 
smaller veins of quartz rock, or of granite or other rocks, equally disin- 
tegrated ; but they retain the arrangement of their materials showing 
them to be disintegrated veins in large disintegrated masses of rocks. 
The whole passes unmistakably to rocks of the same kind in which the 
decomposition or disintegration is only partial, or no trace of it is visible, 
and the whole mass exhibits then the appearance of a set of ordinary 
Am. Joub. Sci.-^Second Sbbibs, Vol. XL, No. 120.— Nov., 1865. 

50 
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metamorphic rocks. I tis plain that such masses forming everywhere 
the surface of the country must be a great obstacle to the study of erratic 
phenomena, audit is not wonderful that those who seem familiar with the 
country should entertain the idea that the surface rocks are everywhere 
decomposed, and that there is no erratic formation or drift here. But 
upon close examination it is easy to see that, while the decomposed rocks 
consist of the small particles of the primitive rocks, which they repre- 
sent, with their veins and all other characteristic features, there is not a 
trace of larger or smaller boulders in them ; while the superincumbent 
drift consisting of similar parts does not show the slightest sign of the 
indistinct stratification characteristic of the decomposed roetamorphic 
rocks below it, nor any of the decomposed veins, but is full of various 
kinds of boulders of different dimensions. The boulders have not yet 
been traced to their origin; the majority consist of a kind of greenstone, 
composed of nearly equal amounts of a greenish black hornblende and 
feldspar. This greenstone is said by mining engineers to be found in the 
Entre Rios on the Parahyba, where iron mines are worked in a rock 
like these boulders. Thus far evidence has been furnished of the action 
of glaciers only in the extensive accumulations of drift similar in its 
characteristics to northern drift, but no trace has been found of glacial 
action, properly speaking, such as polished surfaces, scratches and furrows. 
The decomposition of the surface rocks to the extent to which it takes 
place here is very remarkable, and points to a geological agency thus far 
not fully discussed in our geological theories. It is obvious that the 
warm rains falling upon the heated soil must have a very powerful action 
in accelerating the decomposition of rocks; it is like torrents of Lot 
water falling for ages in succession upon hot stones, and instead of won- 
dering at the amount of decomposed rocks, we should rather wonder that 
there are any rocks left in their primitive condition. 
4. Mining Statistics of Great Britain for 1864. — 

Produce of mines. 
Coal, - ... - 92,787,873 tons. 

Iron ore, .... 10,064,890 " 

Pig iron, ..... 4,767,951 " 
Copper ore, - - - - 214,604 " 

Metallic copper, - - - . 13,302 " 

Lead ore, ... - 94,433 " 

Metalliclead, - - - - 91,283 " 

Silver (from lead ore), - - 641,088 ounces. 

Zinc ores (nearly all sulphuret), - - 15,407 tons. 

Metallic zinc, - - . - - 4,040 " 

Iron pyrites (for sulphuric acid and soda works), 94,458 " 
Tin ore>, ----- 15,211 " 

Metallic tin, - - - . 10,108 " 

Gold (from Merionethshire), - - - 2,887 ounces. 

The gross value of the above mineral products was 39,979.837/. There 
were 2,361,342 tons of coal taken to London in 1864 and 1,786,713 tons 
in 1863. Eight and a half millions of tons of coal were exported in 
1864, and nearly half a million of tons of iron. — Aihen,^ Aug. 19. 
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6. Cretaceous Reptiles of the United States, by Joseph Leidt, M.D. 
136 pp. 4to» with 20 plates. From the Smithsonian Contributions to 
Knowledge, vol. xiv, 1865. — Dr. Leidy has here described in detail and 
figured with great beauty and perfection, the Saurian remains of the 
American Cretaceous. The species included are the following Thoraco- 
^aurtis : 

Bottosaurus Harlini, undetermined species of Crocodiles, Hyposaurus 
Rogersii, Discosaurus vetustus, Cimoliosaurus magnus^ Firatosaurus pit- 
catus, Mosasaurus, Ma/rosaurus loevis, Polygonodon vetus, Hadrosaurus 
Foulkii^ undetermined reptiles allied to Hadrosaurus, Astrodon John^ 
stoni^ Tomodon korrijicus, Pliogonodon priscus, Chelonia, Chelone sopita^ 
Chelone ornata, Emys firmus^ Emys beatuSy Emys pravus, Platemys suU 
catuSy Bothremys Cookii, Trionyx priscus, 

6. ^ote on the Discovery of Rhizopods in the Azoic ; by James D. 
Dana. — It may be thought that the recent discovery of the Eozoon in 
the Laurentian of Canada is at variance with the writer's Manual of 
Geology, in which the Laurentian is styled Azoic. But in truth the book 
and facts are in more perfect harmony for the discovery made since its 
publication. The author suggests on page 14*7 that Rhizopods may 
have existed in the Azoic along with lime-secreting marine vegetation, 
as the sources of the material of the Azoic limestone strata ; and on 
page 596, after alluding to marine locomotive (animal-like) Protophytes 
with other Algae as probably commencing in the Azoic, and as the first 
of comprehensive types, it is added : 

" The Protozoans (Rhizopods, etc.) may have been the associated spe- 
cies of the superior group, as remarked on page 14*7. The two are alike 
in extreme simplicity of organization. In Algae the Radiate type of 
structure, characteristic of the typical plant, is not brought out; and in 
Protozoans neither of the four great Animal types appears, — the Radi- 
ate, Molluscan, Articulate, or Vertebrate. If, therefore, these simple spe- 
cies existed in the Azoic era, they were systemless life, and only fore- 
shadowed the great systems of life which were afterwards displayed 
according to their respective types in the true Zoic ages." 

The reader will apprehend the full bearing of this sentence if he will 
re-peruse the chapter on the Progress of Life from which it is taken. 

7. Report on the Mines of New Mexico ; by Prof. R. E. Owen, Geolo- 
gist, and E. T. Cox, Geologist and Chemist. 60 pp. 8vo. Washington, 
1865. — This pamphlet gives a brief notice of the general geology of the 
region examined. It mentions a five-foot bed of bituminous coal of Cre- 
taceous age in the Raton Mountain close to the stage road ; and two 
miles N.E. of Santa Fe, a thin bed of coal with coal-plants and other fos- 
sils (^Productus Cora^ P. semireticulatus, &c.) of the Carboniferous forma- 
tion. At the Organ Mts., in the southern part of the territory, the Car- 
boniferous limestone is converted into crystalline marble; and at the 
Hannover copper mines, it is partly fossiliferous, and partly so crystal- 
lized as to resemble the adjoining granite rock. In the same region there 
is a bed of magnetic iron ore, "forming a bf^lt 75 to 100 feet wide," 
and near the junction with the stratified rocks there is an iron breccia. 
The carboniferous limestone, with P, Cora, was found in the Jemez valley 
and Canon of San Diego. Near the Placer Mtn., a bed of true anthra- 
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cite, nearly 5 fset thick, exists, due to a porphyritic dike intersecting tbe 
Carboniferous formation vhich is much tilted. The authors state that 
this metamorphism and disturbance must have taken place after the Ca^ 
boniferous a^re. 

8. Defense des Colonies: III, £tude Gen6ra1e sur nos Etages G~H, 
avec application sp^ciale aux environs de Hlubocep, pres Prague; by 
Joachim Barrande. 808 pp. 8vo., with a chart and a sheet of profiles. 
1865. Prague and Paris. — Barrande has discussed in this work the sub- 
ject of ** Colonies" as connected with the distribution of Paleozoic fossils, 
io a way to command attention and excite an interest in his views. The 
volume is also very valuable for the review it gives of the paleontology of 
Bohemia. No justice to the work can be done in a brief notice — which 
is all that our space in this number will allow ; and we commend the vol- 
ume entire to all interested in geological science. 

9. Supplement to the Ichnology of New England. — A Report to the 
Government of Massachusetts in 1863. By Edward Hitchcock, D.D., 
LL.D., late Professor of Geology in Amherst College. 96 pp. 4to, with 
20 plates. Boston, 1865. — This Report, the last work of the late Profes- 
sor Hitchcock, contains descriptions and illustrations of new species of 
tracks, among which are some strange forms, well termed enigmatical. 
A number of the plates are fine photographs, a style of illustration espe- 
oially important for the minute tracks, like those of insects, and excellent 
for all. The bones of the rinrht foot of the Saurian remains found 
near the water-shops of the Armory at Springfield, and partly described 
and commented upon by Professor J. Wynian at p. 187 of the Ichnol- 
ogy, are figured on one of the plates of this Supplement. The opinion 
of Professor Owen of London is given that they belonged to a Saurian 
with an unusually thin and compact wall of bone in the limb bones, 
which, however, might have been occupied by unossified cartilage, as in 
the young crocodile and turtle; if they were tilled with oil or light raa^ 
row, it would indicate a relation to Pterodactyles or Birds. The species 
is named Megadactylus polyzelus, 

10. New Dinosaurian from the Wealden Formation., Isle of Wight. — 
A new Dinosaurian, for which Prof. Owen has proposed the name Poly- 
acanthus (from nolv; many and axat^dog spine), has been found by Rev. 
W. Fox. The animal was over 6 feet long from the shoulder to the 
rump, had a massive tail 5 feet long, legs about 4 feet long, and a broad 
short foot. It had a bony armor made of plates from ^ in. to 4 in. broad, 
and ^ in. thick, excepting along the back, over which there was a great bony 
shield ; and along the sides of the body and tail there were spine-like 
bones, some of which are 15 in. long and weigh 7 pounds. — Athenasum^ 
Aug. 5. 

11. Seaside Studies in Natural History ; by Elizabeth C Agassk 
and Alexander Agassiz. Marine Animals of Massachusetts Bay. Ra- 
diates. 156 pp. 8vo. Boston, 1865. (Ticknor & Fields.) — The tend- 
ency of summer travel to the seashore is creating a demand for popular 
works on the life of the waters. The "Seaside Studies" will be wel- 
comed as a beautiful and attractive beginning in this department of lit- 
erature. We say beginning, because it takes up but a single branch — 
that of the Radiates, and is confined mainly to the species of Massachu- 
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setts Bay. The work is exact in its science as well as popular in style, 
ami is in fact a conlribution to science which the most learned may read 
with profit. The text is mainly from the graceful pen of Mrs. Agassiz, 
and the work is dedicated to her husband, ProC L. Agassiz. The illus- 
trations are numerous and excellent, and the printing and paper all that 
could be desired. 

12. Entomological Society of Philadelphia, — The publication commit- 
tee of this Society propose to publish, and issue gratuitously, an occasional 
bulletin, under the title of "The Practical Entomologist," in which papers 
on the insects injurious and beneficial to vegetation will be given for the 
benefit of the American farming interest. They express in their circular 
(dated September, 1865,) the hope that the information imparted through 
this medium will be of use to the agriculturists of the country, by lead- 
ing them to study critically the Entomological fauna which surround* 
them, and to derive, from their knowledge thus acquired, the power to 
increase the production of their crops and develop the interest which they 
represent It is a singular fact that some of our commonest and most 
injurious insects are least known. Our Cotton, Hop, and various other 
crops suffer at times immensely from insects whose habits we little under- 
stand. The Society aims by its publication to bring out the true history 
of each and all of our noxious insects; and it is believed that, this at- 
tained, simple remedies will suggest themselves, which in certain cases 
may be merely burning the stubble and vigorous fall ploughing. 

They ask, in order that their plan may be carried out, that those hav- 
ing information will send it by letter to the Secretary of the institution, 
at No. 618 South Thirteenth Street, Philadelphia, along with alcoholic 
phials containing specimens of the noxious insects of the region. They 
also desire papers from scientific observers for the *' Practical Entomolo- 
gist," as only the active co5peration of all interested parties will insure 
success in an undertaking which is a labor of public benefit, without 
moneyed recompense. 

13. ^ classification of Mollusca based on the Principle of Cephalizc^ 
tion ; by Edward S. Morse. 20 pp. 8vo. From the Proceedings of the 
Essex Institute. — A very valuable original paper, based on researches in 
Molluscan development and be<nring on the general subject of zoological 
classification. We may cite from the paper in a future number. 

1 4. Natural History : A Manual of Zoology for Schools^ Colleges^ 
and the General Reader ; by Sanborn Tenney, A. M., author of " Ge- 
ology*" r*rof. Nat. Hist, in Vassar Female College. 540 pp. 12mo; 
illustrated with 500 woodcuts. New York. 1865. (C. Scribner.) — The 
American student in zoology will find Prof. Tenney's Manual a very con- 
venient and useful work. It goes over the animal kingdom, commen- 
cing with the highest class, that of Mammals, and illustrates the various 
subdivisions with descriptions and figures, mentioning and figuring par- 
ticularly North American species. Each of the prominent groups is thus 
presented to the eye by means of excellent wood-cuts of animals accesi- 
ble to the American student, and with a large number of them consider- 
ing the size of the work. The Manual is well calculated to make the 
study of zoology popular and easy. It fails of any introductory chapters 
on the structure of animals. 
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15. On a solar halo, seen at Crawford sville^ Ind^ (lat. 40^03'); by 
Prof. J. L. Campbell. (In a letter to the Editors, dated Wabash College, 
Crawfordsville, May 27, 1865.) — Herewith I submit a report of the re- 
markable appearances Iq the atmosphere on May 26th, 1865. 

The morning was hazy and cool — the thermometer at 5 ranging about 
48** to 50**. 

About nine o^clock a series of 
balos or rings began to form about 
the sun, and continued to increase 
in brilliancy until near noon — 
then slowly disappeared during 
the .afternoon — traces being visi- 
ble at six o^clock in the afternoon. 
The accompanying diagram is a 
correct representation of the phe- 
nomenon as it appeared at twelve 
o'clock, noon. 

The most brilliant ring was de- 
scribed about the sun as a center 
with an angular radius (S£) of 
twenty -two degrees by careful 

measurement S (Sun), Primary center; A, Secondary 

Ihe bands were Whtte^ yellow^ center; B and C, Teniary centers ; Radius, 

red and green. The white was SE=22o=ad, SM=440; MD, Grand axis 
exceedingly brilliant. The yellow ^%: ^^^^^^' 29-72 in.; Thermometer 
and red were also very bright. 

The breadth of this series of bando forming the primary ring was 
about one and a half degrees. 

The arc MLG described about the sun as a center with a radius of 
forty-four degrees presented less brilliant, but well defined colors in the 
reversed order, — the white band being on the outer circumference, and 
the green within, — with another inner band of violet. 

At A on the circumference of the primary circle, the center of the 
second circle was located. The radius of this circle was the same as that 
of the primary — its circumference passing directly through the sun. 

The ring was chiefly white light, of less brilliancy than the primary, 
yet very sharply marked throughout its entire circumference. 

From D the arcts DF and DG branched off svmmetricallv with refer- 
ence to the axis MSD, indicating the centers of curvature at B. andC, 
the intersections of the secondary circle with the primary. 

These arcs were of white, well defined, mellow light. 

The long continued and well defined manifestation of the phenomenon 
enabled us to take all our observations very carefully, and to repeat them 
for further accuracy. 

The geometi-ical relations of the centers of these curves are curious 
and interesting, and the record of these positions may be of some value 
in connection with future observations of the same character. 

In explanation of these appearances there are some difficulties not 
hitherto presented in discussing halos. For the present the record of 
the facts only is mad^. 
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1 6. British Association at Birmingham, — The meeting of the British As- 
sociation opened at Birmingham on the 6th of September, Professor Phil- 
lips being the President. The number of members at the meeting during 
the week following was about 1,400, and besides these there were present 
608 ladies and 23 foreigners. The funds received amounted to 222*7/. ; 
and nearly this amount was set apart for various scientific investigations in 
astronomy, physics, zoology, geology, <fec., including 36/. for oyster cul- 
ture. The number of papers read was two hundred and sixty. "We 
have no space in this number for a notice of the Proceedings. The next 
meeting will be held at Nottingham. 

1 7. Sy sterna Naturae of LinnoBus. — By letter from Prof. A. E. Nor- 
denskiold of Stockholm we learn that the Academy of Sciences of Sweden 
is about to have printed a new photo-lithographic edition of the first edi- 
tion of Linnceus's Systema Naturae ; and he adds, that " To enable us to 
judge how many copies may be sold it would be of some interest to 
have an idea of the probable extent of its sale in the United States." 
This first edition of Linnaeus consists of only 13 to 14 leaves in folio and 
still contains the rudiments of all his great productions.^ 

18. New Planet, — Planet No. @ was discovered on Aug. 25, by Dr. 
Luther, of the Observatoray at Bilk, near Dusseldorf. On the day of 
discovery at lOh. 46m. 28s., Bilk mean time, its A. R. was 323® 37' 49*1", 
and its declination N. 14° 20' 47*1". It has been named Clio. 

19. Italian Society of Natural Sciences, — An extraordinary meeting 
of this Society was held at Spezzia on the 17th of September. 

20. Prof Berthelot, — A chair of Organic Chemistry has been founded 
at the College of France, and Prof. Berthelot appointed to fill the place. — 
Header ^ Sept, 2. 

21. Statue of Arago. — An inauguration of the statue of Arago, erected 
at his birthplace, Estagel, in the Basses Pyrenees, took place on the 31st 
of August. Uis son, dissatisfied that he had not received a special invi- 
tation, and because there was no commemoration of his father's political 
services, declined to be present. — Header, Sept, 9. 

21. Chambers^ s Encyclopedia, — Parts 94, 95, 96, 97 of this valuable 
Encyclopedia, extending to RID., have been issued by the American pub- 
lishers, J. P. Lippincott <fe Co. 

OBITUARY. 

Admiral William Henry Smith. — Admiral Smith died at his resi- 
dence near Aylesbury, Sept. 9th, at the age of 77. He had acted as 
President of the Astronomical Society, and of the Geographical Society, 
Vice President of the Royal Society, and Director of the Society of Anti- 
quarians. He retired in 1825 from naval life, and published in 1844 the 
"Cycle of Celestial Objects," including the "Bedford Catalogue," an ex- 
cellent handbook of practical Astronomy, a result of a series of astro- 
nomical observations in his Observatory at Bedford. He also published 
many works or memoirs on Geographical and other subjects. — From a 
notice in Reader^ Sept, 1 6. 

HaoH CuMMiNG, died in London, on the 10th of August last, at the 
age of 74. He commenced his journeyings in behalf of natural his- 

* If persons desiriD^ the book will so write the Editors of this Journal they wtU 
commuuicats tht result to the Swedish Academy. 
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tory, especially concbology, in 1 826, when he built a yacht for th^ pur- 
pose, and undertook a ciuise of moto than a year's length among the 
islands of the South Pacific. Returning to Valparaiso, he prepared for 
explorations along the ¥re€tern coast of southern South America, where he 
continued for two years collecting in all departments of zoology. In 
1835 he started on a new expedition of four years to the Philippine 
Islands, and made there vast collections in botany and zoology. During 
the twenty-fire years since his return from the East Indies, he was occu- 
pied mainly with the arrangement and extension of his collections. He 
had long been subject to chronic bronchitis and an asthmatic affection, and 
these were finally the occasion of his death. — From a notice in Athen^ 
Aug. 19. 

J OH ANN Franz Encke. — Encke, the Director of the Berlin Observa- 
tory, died at Spandau, on the 26th of August, 1865. He was bom on the 
23d of September, 1791, at Hamburg, wliere his father was a clergyman. 

William Rowan Hamilton. — Sir Wm. Rowan Hamilton, Astrono- 
mer Royal for Ireland, died on the 2nd of September, at the age of 
sixty. He became known as a mathematician of extraordinary genias 
when he was about twenty years old. 

His papers on systems of rays, on the methods of dynamics, on alge- 
bra looked at as the science of pure time, on discontinuous functions, on 
equations of the fifth degree, and his new algebra^ the Quaternions, can- 
not be popularized. But there is one little result of which an idea can 
be given, one of the earliest of Hamilton's discoveries, and one which 
alone would carry down his name to posterity. Hamilton found, from 
optical theory alone, by reasoning on the properties of light, that under 
certain circumstances a ray, instead of being refracted as a ray, should, if 
the theory were true, split into a cone of rays. This conical refraction, 
on being looked for under the proper circumstances by Prof. Lloyd, was 
actually found to exist. No such phenomenon had ever been even imag- 
ined ; and it may be justly said that no more remarkable triumph of the- 
oretical prediction had then occurred in the history of science. If we 
must add to it, as a match, the prediction of Neptune by Leverrier and 
Adams, each of these brilliant feats does honor to the other. Sir W. R. 
Hamilton was a man of very wide pursuits, and very varied talents; be 
was a scholar, a metaphysician, and a poet. He was beloved for the 
kindness of his heart, and respected for the integrity of his character.— 
From a notice in A then., Sept. 9. 

John T. Plummer, M.D. — Dr. Pluramer died on the 10th of April, at 
his residence in Richmond, Indiana, aged 58 years. He was a graduate 
of the Medical School of Yale College in 1828. While not making 
chemistry and natural science his special studj^ he made collections and 
observationa in different departments, and formerly contributed short 
papers to the pages of this Journal, and to those of the Journal of I'har- 
macy. He was a member of the Society of Friends (Quakers), and one of 
the best of men. He was averse to all public show, and quiet and unobtru- 
sive to an extreme. He has left numerous manuscripts, the larger part 
of which relate to the Society of Friends, of which he was one of the 
most influential members. 
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v, 388. 
itmospheric refraction, OhaUia on, iv, 484. 
Atoll of Ebon, Doane, i, 3ia 
itomic constitnticm of liquids, vi, 409. 

vireights, Gibbs, i, 246; Hose, viii, 324. 
it(fieidt OB spectrum of carbon, vii, 408. 
Lorora, an electric discharge, Martth^ i,311. 
Jk La Siffe on Marsh, iii, 294. 
Australis, coincident with A. Borealis, 
Lo&nns, ii, 81. 
at Sacramento, 18G0, Logan^ li, 148. 
of Aug. and Sept. 1859, and auroras 
generally, Loomis, li, 71, 3ia 

of Aug. 1865, Twining, xl, 285. 
Luroral arch, April 1863, v, 461. 

arches, height of, Ktwttm, ix, 286, 371. 
beams, aud electric currents, Loomis. 
Iv, 84. 

luitin, C R, Sphagna otN. Jersey, v,252. 
Lustralia, acclimation in, iii, 433, viii, 300, 
iz,84. 
Lustralian flora, Bentham and MuUer^Sy 
noticed, vi 290, ix, 110. 
explorations, vii, 84. 
gold, Iv, 212. 
£6at, V, 4a 

meteoric iron, ii, 441, 442, Iv, 155. 
seaweeds, Hai^vey on, vii, 286. 
zinc, i, 371, viii, 277. 
wvieulidse. Meek, vii, 212. 
ye-Aye, Ovoen on, noticed, vi, 294. 
.zoic rocks in Michigan, KimbaU, ix, 290. 
•ee further, Gsoloot. 



B 

Babbage^s Passages from the life of a Phi- 
losopher, viii, 803. 
BachCy A. Z>.„ influence of moon on mag- 
netic needle, i, 98. 
declinometer observations, i, 197, 
horizontal magnetic force, iv, 261, 373. 
moon's influence ou, iv, 381. 
magnetic survey of Pa., etc., v, 359. 
Associate of French Academy, ii, 455. 
Bache, R. Jf., sea-sickness, iv, 17. 
Bacon, Roger, works edited by Charles, ill, 

110, Iv, 128. 
Bahr, on wasium, vii, 116. 
Bailey, L. W., antimony In N. Brunswick, 
V, 150. 

appointed Prof., Univ. N. Brunswick, 
li, 804. 

report on GeoL of N. B., noticed, Ix, 
856. 
Baily's beads, Blunt^ u, 292. 
Bair(V8 American Birds, noticed, viii, 808, 

431, ix, 115, xl, 142. 
Baich, D. M., orthite from Mass., ill, 848. 

tellurblsmuth from Ga., v, 99. 
BalVs Alpine guide, noticed, viii, 450. 
Baphetes, vi, 430. 
Barker, Q. F., gun-casting at Pittsburgh, 

vii, 296. 
Barnard, F, A. P., Humphreys and Ab- 
bot's report on MpL river, vi, 16, 197. 
force of gunpowder, vi, 241. 
Barometer, Lewis, xl, 238. 

fluctuations of. Chase, viii, 380. 
fifunneiy serving as, viii, 299. 
mdicating earth's rotation, etc., vii, 
409. 

resisting ether, viii, 153. 
Barometric maxima and minima, viii, 148. 
Barrande, J., Primordial fauna and Ta- 
conlc system, i, 212. 
Defense des Colonies, noticed, xl, 392. 
Barrow's mathematical works, 11, 299. 
Bartlett, W.P. G'., interpolation in physics 

and chemistry, iv, 27. 
Baryta, hydrate of, ii, 118. 

solubility of sulphate of, Ix, 90. 
Bates, on mimetic analogy In Lepldoptera, 

reviewed, vi, 285. 
BaudrimonVs protosulphld of carbon, 1, 

281. 
Baiier, on replacement of hydrogen in 

ether, ix, 95. 
BaxendeU, periodic changes in the magnet* 

Ism of the earth, viii, 269. 
Bayberry tallow, O. E. Moore, 111, 818. 
Beatricese, Hyatt, Ix, 261. 
Becker and Sons' apparatus noticed, ii, 

298. 
Beilstein, on coloration of flame, vi, 116,267. 
Belgian bone-cave, ix, 223. 
Bell, J. L., aluminum and aluminum- 
bronze, vii, 183. 
Bellemareon Abd el-Kader, noticed, vl,407. 
Bentham, Q., Llnnsean Society address, Iv, 
286. 
Flora Hongkongensls, noticed, il, 124. 
and Hooker, Genera Phmtarum, no- 
ticftd, V, 184. 
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Bentham^ O. and Mutter, Flora Au8tralien-| 

sis, noticed, vi, 290. ix, 110. 
Benzoic acid, from kinic, t, 291. 
Berberin in Hydrastis Canadensis, iii, 43. 
B^rthdot, on acetylene, i, 118, v, 115. 

on chemical synthesis, noticed, i, 270, 
II, 103. 
on the alcohols, noticed, vi, 407. 
made Prof, in France, xl, 394. 
Bcrthier, P., obituary of, iii, 108. 
Bessemer^s process, Tunner on, v, 421. 
Bibllographv, by NicklU, i, 155, 275, ii, 

103, IV, 12^, V, 269, vi, 407, ix, 86. 
Big Black river basin, v, 233. 
BigeloWy JL, freezing of water, ii, 205. 
Bignlnf^s Cambrian and Huronian forma- 
tions, noticed, vi, 277. 
BUling*, K, age of red sandrock of Vt., 
U, ^, 454, iii, 100, 370, 42L 

notice of Hitchcock's Geol. of Vt., iii, 
416. 

date of Geol. report of Wis., iii, 420. 
genus Centronella, etc., vi, a36. 
on new Silurian fossils, noticed, iii, 
136, 279, iv, 136. 
Binary stars, orbits of, Kirkwood^ vii, 233. 
Binder^ R, conversion of phenylic Into 
rosalic acid, iv, 408. 

phenate transformed to rosalate of 
lime, iv, 408. 
Binocular microscope, Tottes's^ viii, 111, ix, 
212. 

W€nham\ 1, 110, viii. 111. 
vision, and idea of distance, i, 109. 
Blot, J. B., obituary of, iii, 441, iv, 120. 
Bird, reptilian, v, 129, vi, 318. 
Butchof, on a new earth, viii, 419. 
Bisulphid of carbon prisms for spectral 
analysis, iv, 299, v, Ji56, 408. 
■' Bitumens and pyroschists, history of, 
Jfunt, V, 157. 
Blake, E. W., Jr., caesium and rubidium 

in triphyliue, iii, 274. 
Blake, \V. P., to explore Japan, iii, 155. 
^ iron regions of Arizona, xl, 388. 
Blanchard, on redevelopers, vi, 417. 
Bl'indy, J. K, copper range of Lake Su 

perior, iv, 112. 
Blast for laboratory, ii, 425. 
Bleu de Paris, ii, 416. ♦ 
Muff, J. S., buried branches in Illinois, ix, 

95. 
Bliiss, P. C, explorer in S. America, vii, 88. 
Blood, animalcules in the, viii, 293. 

corpuscles seen in retina, i, 32.5, 417- 
electricity of, Scoutteten, viii, 110. 
Blowpipe beads, crystals in, Emerson, vii,! 

414. 
Bloxam, on arsenic in sulphuric acid, v, 

116. 
Blume, C, L., obituary, iii, 428. 
Blunt, E., Baily'a beads, ii, 292. 
Blyth's edition of Liebig, noticed, vii, 135.: 
Blytt, ML N., obituary, v, 449. | 

fBodemann, on assaying, translation, no- 
' ticed, xl, 289. 

Bohlig, on atmospheric nitrite of ammo- 
nia, V, 423. 
Bologna museum, iii, 151. || 

Bitnd, O, P., comet II, 1861, ii, 255, 261, 439, -j 



Bond, O. P., companion of Sirins, iii, 286. 

new asteroids, iii, 287, 288. 
comet III, 1861, iii, 289. 
Encke's comet, iii, 144, 290. 
great comet of 1858, iv, 292. 
obituary, ix, 235. 

eulogy on, De La Rue, with award of 
medal, ix, 364. 
Bone bed in red sandstone, ii, 41. 

v. also Man. 
Boott, F., illustrations of Carez, noticed, 
i, 131, m, 141, 430,. iv, 292. 
obituary. Gray, vii, 288. 
Borates, analysis of, v, 418. 
Borneo, bone-cave in, viii, 148. 
Boron compounds, Franktand on, i, 278, 

V, 115. 
B orrer, W., obituarjr, v, 449. 
Boston Soc. Nat. Hist., proceedings, i, 
156, 310, iii, 160, 304, iv, 305, v, 166, vi, 
452, vii, 447. 

Walker prizes, xl, 187. 
new Museum of, viii, 800. 
Botanical necrology, Oray, 1860, i, 461; 
1861, iii, 427 ; 1862, v, 449 ; 1863, vii, 288. 
Botanical works, notices of: 
Agardh, species Algarum, vii, 286l 
Anderason, Galapagos Is., vii, 436. 
Annals of Botan. 8oc. of Canada, i, 808, 

ii, 127, iii, 432. 
Asia, Northeastern, botany of, iv, 286. 
Benthaniy Flora Hongkongensis, ii, 1^ 
and Hooker, Genera Plantamm, v, 184. 
and Mutler, Flora Australiensis, vi, 290^ 

ix, 110. 
Boott, illustrations of Carez, L 181, liit 

141, 430, iv, 292. 
Braun, Polyembryonie, etc., i, 131. 
Marsilia and Pilularia, viii, 127. 
Brunei, Plantes de Michaux, etc., Til, 

286. 
Cosjsonand St, Pierre, Flore des environs 

de Paris, vii, 434. 
Darwin, orchids fertilized by insects, iT, 
138, 420. 

Dimorphism, iv, 285, vi, 279. 
Climbing plants, xl, 273. 
Decaisne, origin of varieties, vi, 432. 
De Candolle, A., Prodromus, iii, 430, if, 
288, viii, 290, ix, 359. 

fruit of oaks, v, 430. 
variation, etc., of species, v, ^L 
Dc Candolte, C, cork, iv, 287. 
Durand, vites Bor. Amer., v, 445. 
Eaton, Filices Wright ianae, i, 130. 
Gothe, metamorphosis of phmts, viii, 

126. 
Gray, Manual of Botany^ v, 448. 
GrUebach, Flora of W. Indies, 1, 129, if, 
28S, ix, 108. 
PlantaB Wrightianae, i, 129. 
Hale, Flora of Wisconsin, i, 130. 
Hanfey, Phycologia Australica, vii, 286. 
Thesaurus capensis, i, 128, vii, 286, 
xl,126. 

and Bonder, Flora capensis, i, 128, 
V, 444, xl, 125. 
Hervey, Plants of New Bedford, Mass., 

i, 130. 
Hooker, JC, Wclwitschia, vi, 434. 
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BOTANICAI< WORKS, DOticeS of : 

Hooker^ J. 2>., Arctic plants, iv, 144. 
Cedars of Lebanon, etc., iv, 148. 
N. Zealand Flora, ix, 359. 
Sooker^ W. J. , species Filicum, i, 132, y, 
138, viii, 429. 

second century of ferns, i, 132. 
KarOen, Flora Columbise, ii, 289. 
Kindberg^ Monographia Lepigonomm 

vil,435. 
LecoQy Vie des Fleurs, iv, 128. 
Lesquereux^ Botanical report on Arkan- 
sas, i, 431. 
Linnsean Soc, Journal of, i, 443, ii, 127, 

289, iii, 143, iv, 285, ix, 360. 
LyaU^ Botany of Brit. America, vii, 287. 
Mdrtiits, Flora Brasiliensis, ii, 289, iv, 

288, vi, 130, vii, 283, ix, 860. 
IfeUeniuSj on Ferns, i, 133. 

Filices Horti Lipsiensis, i, 134. 
Miqtiely Journal de Botunique Neerland- 
aise, 111, 140. 
Annoles Musel Bot., vii, 281. 
JlHtten^ Brit. American Brj'ology, vUi, 

29L 
MuOer, Plants of Victoria, vii, 286. 
Hetoberry, Flowers and Ferns of Ohio, i, 

130. 
Oliver. Structure of Anther, iv, 282. 
Wood-cells of Hammamelideae, iv, 
282. 
on Loranthaces?, vi, 291. 
Lessons in Botany, viii, 124. 
JPdrry, Rocky Mt. Flora, iii, 141, vi, 129. 
Pfiar, Names of Brit. Plants, vii, 433. 
Provcmcher, Flore Canadienne, v, 445. 
Mavet»a, Fun^ Caroliniani, i, 130. 
Begdj Monographia Betulacearum, iii, 

139. 
St. Louis Transactions, vi, 128. 
SchaU, Aroidee, iii, 143. 
iieetnann. Vegetable products of F^i Is., 

V, 446. 
Squier, tropical fibres, iii, 140. 
SuUivant^ Musci cubenses, iii, 141, 429. 

Icones Muscorum, viii, 291. 
Tatnali, Plants of Newcastle Co., Del., 

1,130. 
Thvtaites^ Plants of Ceylon, ill, 432, xl, 

125. 
Tuekenrian^ Lichenes Cubae, vii, 436. 
VUmorin-Andrieux. Des Fleurs de Pleine 

Terre, vii, 4a5. 
Walperxy Ann. Botan. systemat, by Mul' 

ler, iii, 140, xl, 126. 
WeddeU^ Cynomorium coccineum, iii, 
139. 
Chloris Andina, iv, 150. 
Wood, class book of Botany, ii, 127. 
Botamt; — absorption of carbonic acid, 
xl, 127. 
Ammobroma Sonorse, xl, 126. 
Ampelopsis quinquefolia. Gray, vi, 130. 
Antherology, Oray, iv, 282. 
Bonapartea juncca, ill, 432, vii, 147. 
Calluna vulgaris, in N. America, 11, 290, 

iii,22, viii, 122,428, 1 X. 228. 
Caricography, Jkvoey, i, 23, Ii, 38, v, 57, 

ix, 69. 
Climbing plants, Dartoin, xl, 273. 
Coriaria tbymifolla, vii, 287. 



Botany— 
Darlingtonia Callfomica, v, 136. 
dimorphism In plants, iv, 285, 419, vi, 

279, ix, 101, 101, 360. 
Dioico-dlmorphL»m in primrose, iv, 419, 

ix, 101. 
Equiseta, gcogr. di^trib. of, viii, 126. 

in gneiss, xl. 124 
Euphorbia, genus in, DtCandotle, iv, 288. 
Gaultheria, name of, vii, 287. 
germination affected by ozone, etc, vii, 

373. 
Gymnosperms, structure of flowers of. 

vii, 284. 
Harvard University herbarium, viii, 

128, ix, 224. 
hybrids, return of, to parent forms, ix, 

107. 
Hydrastis Canadensis, berberin in, Iii, 

43. 
leaves, gas evolved by, v, 121. 
Myrica cerifera, wax of, Moore, iii, 813. 
Najas major, etc., Salina, N. Y., ix, 106. 
Nebraska, forest trees of, ii, 165. 
nomenclature, vii, 278. 
Orchids, structure, etc., of, iv, 138, 430, 

vi, 292. 
organisms in closed vessels, xl, 126. 
parthenogenesis, vi, 292. 
Paullinia sorbilis, vi, 129. 
radicle-ism, Gray, viii, 125. \ 
Rocky Mts., plants of, Ihrry^s collec*f 

tlon, Iii, 141, 237, 404, iv, 249, 380, T,( 

137, vi, 129. » » I >^ 

Saururus cemuus, rotation in pith-cella 

of, iv, 400. 
Scirpi of U. S., new, viii, 289. 
Sphagna of N. J., Austin, v, 252. 
Tenn. yellow wood, Oray, xl, 278. 
varieties in plants, Deeaisne on, vi, 433. 
Va. creeper, tendrils of, v, 445, vi, 180. 
Welwitschia mirabilis, vi, 434, xl, 378. 
Bottger, on nitrite of ammonium, v, 114. 
spectral analysis, v, 414. 
preparation of ozone, v. 111. 
BoutativgatdVs Agronomic, etc., v, 270. 
on gas evolved by leaves, v, 121. 
on absorption of carbonic acid, xl, 137. 
BowmafCs Medical Chemistry, noticed, vii, 
302. * ' 

Brachyura, classification of, v, 139. 
Bradley, F., on meteors at Chicago, Aug. 

1860, 1, 136. 
Bradley, F. H., trllobltes of Wise. * Pots- 
dam,' i, 294, ii, 149. 
geol. excursion proposed by, xl, 125. 
Brain, chemical constitution of, xl, 118. 
of man and monkeys related to class- 
ification, Wagner, iv, 188, discussed in 
Brit. Assoc, Iv, 440. 
Brande and Taylor's Chemistry, vl, 311. 
Braun, A., Polyembryonie, etc., noticed, 
I i, 131. 

on Marsilla, etc, noticed, vUl, 137. 
Braun, on molybdenum, vl, 268. 

on new cobalt compound, vUl, 118, 
Bravais, A., obituary, vi, 401. 
Brazil, ^fartius's Flora of, ii, 289, iv, 388, 
vi, 180, vii, 283, ix, 360. 
dria in, Agassix, xl, 389. 
jBree't Review of Darwin, noticed, i, 440. 
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• Cobalt, separation from nickel, etc., Odibt^ 
ix, 61, 63, 61 
yellow, lead-salt corresponding^ to, i, 

Cobaitic acid, Winkler oni yiii, 266. 
CoUier^ P., indirect determination of pot- 
ash and soda, yii, 344. 
Collodion of Emerson, ii, 426. 

of Jeanrenaud, y, 41SL 
Color and distance, perception of, ii, 184. 
of blood-globules, i, 417. 
of flames, Merz on, i, 105. 

by phosphorus, vl, 116, 267. 

{produced by absorption, mingling of, 
09. 
Colorado River, Ivefl'e Report on, iii, 887. 
Colored media, vision through, i, 418. 
Coloring matters from aniline, v, 417, vi, 
413, vli, 413. 
coal-tar, Berkin, ii, 267, 416. 
naphthaline, etc.. Lea, ii, 211, iii, 229, 
V vUi, 860. 

^ Combustion by invisible rays, ix, 847. 
Comets, features of. Marsh, iii, 39. 
elements of orbits, Watson, v, 218. 

Brunnow*s method, Abbe^ vlil, 79. 
Donati's, ii, 54, iv, 292. 
Enclte's, iii, 144, 290. 
Tempers, viii, 432. 
of 1860, i, 136. 

I of 1861, i, 463, ii, 134. 

II of 1861, ii, 252, 305, 439. 

III of 1861, iii, 289. 

I of 1862, iv, 430. 

II of 1862, iv, 294, 431. 

III of 1863, V, 460. . 

I of 1863, V, 461. 

II of 1863, vi, 143. 

III of 1863, vi, 143. 

IV of 1863, vii, 293L 

V of 1863, vU, 293. 

VI of 1863, vii, 293. 

II of 1864, viii, 433. 

III of 1864, ix. 111. 

IV of 1864, ix, 233. 

V of 1864, ix, 370. 
I of 1865, xl, 132. 

CommaiUe, on reduction of silver waste, 

vi, 417. 
Conchology, Amer. Journal of, ix, 116, 
375, xl, 143. 
contributions to, by Tryon, v, 297. 
history of, in U. S., iii, 161. 
worlds on, published by Smithsonian 
Inst., iv, 448. 
See further, under Zoology. 
Condensation, Magnus, viii, 109, 110. 

fractional, Warren, ix, 327. 
Connecticut River sandstone, footmarks 
of, Hitchcock, vi, 46, xl, 390. 
Deane on, vi, 136. 
fossil larve in, iii, 451. 
Connecticut valley glacier, v, 249. 
. Conrad, T. A., Eocene lignite of U. S., xl, 

265, 
' miocene shells, noticed, v, 428. 
Cooke, G. H., white limestone of N. J., ii, 
. 208. 

geol. report of N. J., noticed, ix, 359. 
Cooke, J. P., Jr.y dimorphism of arsenic, 
etc., i, 191. 



Cocke, J. P., Jr,. epectroseope, It, 299, rl, 
266, xl, 805. 

octahedral galena, t, 127. 

childrenite, vi, 258. 

photographic abstracts, vi, 416. 

tartrates of csesia, etc., yii, 70. 

photographic dry process, vii, 123. 

projection of spectra, xl, 243. 

chemical physics by, noticed, i, 149. 
Cooper, J. G,, reply to Gov. Stevens, 1,803. 
Cope, E 2>., Jan^s Prodromns of Ophidia, 

V 455. 
Copper,* alloys of, i, 286, 423. 

ammonia-picrate of, i, 81. 

arsenids of, iii, 191, v, 290. 

psendomorphous after aragonite, iy, 

deposit on, in IteinscKs test, ii, 117. 
electrolytic precipitation of^ as y 
method of analysis, ix, 64. \ 

in alcoholic spirits, Hayes, ii, 114. . 
of L. Superior, i, 359, iU, 320, iv, 113, ( 
yii, 431. 
sulphate of, as a preservative, ii, 274. 
Copper-glance, from Tenn., iv, 209. 
psendomorphous after galena, i, 363, 
iii, 194. 
Copper-nickel, iv, 209. 
Coral, glass, of Japan, Stimpson, v, 458. 
Cordier, P. L. A., obituary, ii, 101. 
Correlation of forces, Youmans on, no- 
ticed, ix, 220. 
Cosson's Flore de Paris, noticed, vii, 434. 
Coste, on production ox sexes, xl, 139. 
Cotopaxi, slopes of, Dana, viii, 427. 
Cotton, culture of, NickUs, iv, 127. 
Coues, on Ornithology of Labrador, iii, 

298. 
Coulvier-Gravier, on shooting stars, Aug. 

1860, i, 137. 
Coiirnot, works by, noticed, iii. 111, It, 

128. 
Crafts, J. M., bromine and bromhydric 
acid with acetate of ethylj vi, 43. 
organic compounds of silicon, vi, 115. 
reaction of a sulphid of potassium 
on bromid of ethylene, vii, 390. 

replacement of alcoholic radicals, xl, 
34. 
etherification, xl, 40. 
Craig, B. F., products from combustion 

of gunpowder, i, 439. 
Cresson''8 Hymenoptera, noticed, viii, 294, 

ix, 363. 
Cretaceous, see Geology. 
Crinoid, genus Erisocrinus, ix, 173, 350. 
Croconic acid, iii, 274. 
Crdl, J., heat-vibrations, viii, 267. 
Crookes, on thallium, ii, 411, iv, 275, 409, 

V, 373, viii, 366. 
Cross, i?., journey across Andes, xl, 136. 
Crustacea, classification of, v, 139. 

Carboniferous and Devonian, vi, 277. 
Crustacean, new Potsdam, v, 295. 

fertilizer, cancerine, ix, 272. 
Crystalline minerals reproduced, ii, 415. 
Crystallization of sulphur, WetherilL xl, 

838. 

Craystallography, MUler''s, vii, 148. 
Crystals, Krantz^s catalogue of models, 
noticed, v, 297. 



INDEX, VOLS. XXXI XL. 



403 



Catskill and Chemung ^onps, identifica- 
tion of, WincheU, v, 61. 
Cave-deposits, see Man. 
Cedars of Lebanon, Hooker on, iv, 148. 

at Paris, Qray^ ix, 1^36. 
Celestial dynamics, Mayer, vi, 261, vil, 187, 

viU,239,397. 
Cephalization, Dana, yi, 1, 159, 321, 440, 

vU, 10, 157. 
Ceramic arts of Great Exhibition, v, 268. 
Cerium, separation of, vii, 852, 854. 
Ceylon plants, Thwaites on, iii, 432, xl, 125. 
Chacomac. on light of Moon and Venus, 

xl,287. 
Chadboui-ne^ P. A., eflTect of ice in water 

boiling in glass vessels, iv, 130. 
ChaUiSj on atmospheric refraction, iv, 434. 
extent of atmosphere, iv, 434. 
zodiacal light, iv, 435. 
C7kam6«V» Encyclopedia, 1,455, vii, 802, 

ix, 115, xl, 142, 396. 
ChanctVa determination of phosphoric 

acid, i, 279, 281. 
Chaneourtois^ Vis Tellurique, noticed, v, 

270. 
Chandler^ C. F., new metal in platinum, 
Oregon, iii, 351. 
tin ore in Mexico, ix, 849. 
Chapman^ E. J.y Minerals and Geology of 

Canada, noticed, vii, 482. 
Charcoal, absorption of gases by, vi, 411. 

formed under pressure, viii, 441. 
CharieSy M, on Roger Bacon, noticed, iii, 

110, iv, 128. 
Chase, P. E.y barometer indicating earth^s 
rotation, etc., vii, 409. 

barometric maxima and minima, viii, 
148. 
a resisting ether, viii, 153. 
aerial tides, viii, 226. 
terrestrial magnetism, viii, 873. 
cause of barometric fluctuations, viii, 
880. 

terrestrial magnetism a mode of mo- 
tion, ix, 117. 
gravity and magnetism, ix, 812. 
gravity and magnetic declination, xl, 

Ou. 

gravity and magnetic inclination, xl, 

166. 

mechanical polarity, xl, 813. 

prize to, ix, 114. 

ChauveneVs ABiTonomjy noticed, vi, 159, 

878. 
Chclonia, respiration of, Mitchell and More- 

?u)use on, noticed, vi, 141. 
Chemical action, energy of, Ko^y ix, 92. 
analysis by dialysis, iii, 412. 
of Bolar atmosphere, i, 108. 
a process in, GibbSy ix, 58. 
apparatus of Beclcer & Sons, if, 298. 
equivalents, relations of. Lea, iv, 887. 

Stas on, i, 419. 
Physics, Cooke^Sy noticed, i, 149. 
synthesis, i, 270, ii, 103. 
theory of interpeuetration, v, 78. 
types, theory or, Bunty i, 256, 460. 
Chemistry, Botomari's Medical, vii, 802. 
Brands & Tayhr'Sy vi, 811. 
history of, connected with H. Rosej 
▼111,806. 



Chemistry, interpolation in, BartUtt, iv, 
27. 

Liebig\ noticed, vii, 185. 

Miller^Sy noticed, vii, 185. 

of germination, Schvltz on, v, 290, 

of natural waters, Munty ix, 176, z, 48b 
193. 
CheneVy ancient works in Western N. T., 

ii, 149. 
Chess Knight, Haldeman'' a Tonr of, xl, 291. 
Child. G.y organisms in closed vessels, xl, 

126. 
Chilton, J. R., obituary, vi, 314. 
Chimenti pictures, C A. Joy, viii, 199. 
China, recent Engliinih Surveys in, iv, 86S. 
Chiton, species of, viii, 185, 481. 
Chlorhydric acid manufacture, vi, 269, 

dissolves sulphate of lime, v, 283. 
Chloride, violet name of, v, 412. 
Chlorinated organic bodies, iv, 183. 
Chlorine manufacture, vi, 269. 

salts, ii, 108. 
Chloritic minerals, /. B. Psarety vii, 221. 
Chloro-chromic acid, spectrum of, viii, 

109. 
Chlorous acid, density of vapor, i, 277. 
ChrUUmle on phosphorus spectrum, vi, 

116, 267. 
Ctivistyy cave-deposits in France, viii, 146. 
Chromium, ammonia-picrate of, i, 84. 

separation of, OibhSy ix, 58. 

sesquioxyd, carbonate of, iv, 821. 
Churchy W. />'., ascent of Candarave, Iv. 

300. 
Cicada septendecim, E. C. Henicky iii, 488. 
Clapp, A., obituary, v, 306, 450. 
C larky A.yOn\i Herculis, v, 301, 

sun and stars photometrically com* 
pared, vi, 76. 

takes Lalande prize, v, 801. 
Clarky H. J., Lucernaria, v, 846. 

Tubularia, vii, 61. 

Actinophrys Eichomii, viii, 881. 

Prodromus of Lucernaria, noticed, v. 
459. 
Classification of animals by cephalization, 
BanayjVy 65, vi, 1, 321, 440, vU, 10, 167. 

of Herbivores, vii, 157. 

of Insects, vii, 13. 

of Mammals, Banay v, 65, vi, 8. 

by series, Scfieily ii, 48. 
ClatUy on ammonia-ruthenium bases, iv, 

133. 
Climate near water, Lippincotty iz, 872. 

paleozoic, Hunty vi, 396. 
Climbing plants, Darwiny xl, 273. 
Coal in Alps, viii, 122. 

in Mexico, Manrosiy ix, 809. 

near Peking, WUliamSy viii, 119. 

in Venezuela, viii, 288. 

see further, under Geoloot. 
Coal-gas, flame of, affected by music, L 
416. 

tar, coloring matters from, ii, 267, 41€w 

a preservative, vi, 406. 
Coany T.y on Kilauea, v, 296, vii, 416, zl, 

122. 
Coast Survey Report, noticed, ▼, 289, vii, 

95, ix, 115. 
Cobalt, ammonia-picrate of, 1, 82. 

compound, new, viii, 118. 
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• Cobalt^ separation from nickel, etc, Oibbt, 
ix, 61, 63, 61 
^^ellow, lead-salt corresponding^ to, i, 

Cobaitic acid, Wifdder oni tHI, 266. 
CoUier^ P., indirect determination of pot- 
ash and soda, vii, 344. 
Collodion of Mnenooj ii, 426. 

of Jeanrenaud, v, 419L 
Color and distance, perception of, ii, 184. 
of blood-globules, i, 417. 
of flames, Men on, i, 105. 

by phosphorus, vi, 116, 267. 
produced by absorption, mingling of, 
LVOd. 
Colorado River, Ivex'a Report on, ii!, 887. 
Colored media, vision through, i, 418. 
Coloring matters from aniline, v, 417, vi, 
413, vii, 413. 
coal-tar, Birkin, U, 267, 416. 
naphthaline, etc.. Lea, ii, 211, ill, 229, 
V vUi,860. 

^ Combustion by invisible rays, ix, 847. 
Comets, features of. Marsh, ili, 39. 
elements of orbits, WaUon, v, 218. 

Brunnow's method, Abbe, viil, 79. 
Donati's, ii, 54, iv, 292. 
Encl^e's, iii, 144, 29a 
Tempers, vili, 432. 
of 1860, i, 186. 

I of 1861, i, 463, ii, 134. 

II of 1861, ii, 252, 805, 489. 
in of 1861, ill, 289. 

I of 1862, iv, 430. 

II of 1862, iv, 294, 48L 

III of 1862, V, 46a . 

I of 1863, V, 461. 
Ilof 1863, vi, 143. 

III of 1863, vi, 143. 

IV of 1863, vii, 29^1 

V of 1863, vU, 293. 

VI of 1863, vii, 293. 

II of 1864, viii, 432. 

III of 1864, ix, 111. 

IV of 1864, ix, 232. 

V of 1864, ix, 370. 
I of 1865, xl, 132. 

CommaiUe, on reduction of silver waste, 

vl, 417. 
Conchology, Amer. Journal of, ix, 116, 
375, xl, 143. 
contributions to, by Tryon, v, 297. 
history of, in U. S., iii, 161. 
worlds on. published by Smithsonian 
Inst., iv, 448. 
See further, under Zoology. 
Condensation, Magnus, viii, 109, 110. 

fractional, Warren, ix, 327. 
Connecticut River sandstone, footmarks 
of, Hitchcock, vi, 46, xl, 390. 
Deane on, vi, 126. 
fbssil larve in, iii, 451. 
Connecticut valley glacier, v, 249.^ • 
' Conrad, T. A., Eocene lignite of U. S., xl, 
V 265. 

> miocene shells, noticed, v, 428. 
Cooke, O. K, white limestone of N. J., ii, 

208 
ffeoL report of N. J., noticed, ix, 359. 
Cook^, J. P., Jr., dimorphism of arsenic, 
etc., 1, 191. 



Oodke, J. P., Jr,, spectroscope, It, 299, rl, 
266, xl, 805. 

octahedral galena, t, 127. 

childrenite, vi, 268. 

photographic abstracts, vi, 416. 

tartrates of csesia, etc., vii, 70. 

photographic dry process, vii, 123. 

projection of spectra, xl, 243. 

chemical physics by, noticed, i, 149. 
Cooper, J, G,, reply to Gov. Stevens, 1, 803. 
Cope, E J),, Jan^s Prodromns of Ophidia, 

v,455. 
Copper, alloys of, i, 286, 423. 

ammonia-picrate of, i, 81. 

arsenids of, iii, 191, v, 296. 

pseudomorphous after aragonite, iv, 

deposit on, in liein8ch*8 test, ii, 117. 
electrolytic precipitation o^ as 
method of analysis, ix, 64. 
in alcoholic spirits, Eayen, ii, 114. , 
of L. Superior, i, 359, iii, 320, iv, 113, ( 



\ 



VU, 431. 



sulphate of, as a preservative, ii, 274. 
Copper-glance, from Tenn., iv, 209. 
pseudomorphous after galena, i, 363, 

iii, 194. 
Copper-nickel, iv, 209. 
Coral, glass, of Japan, Stimpson, v, 458. 
Cordier, P. L. A., obituary, 11, 101. 
Correlation of forces, loumans on, no- 
ticed, ix, 220. 
Cotson's Flore de Paris, noticed, vii, 434. 
Coste, on production or sexes, xl, 139. 
Cotopaxi, slopes of, Dana, viii, ^7. 
Cotton, culture of, Nicklh, iv, 127. 
Coues, on Ornithology of Labrador, iii, 

298. 
Coidiner-Gravier, on shooting stars, Aug. 

1860, i, 137. 
Coiimot, works by, noticed, iii. 111, It, 

128. 
Crafts, J. M., bromine and bromhydric 

acid with acetate of ethylj vi, 42. 
organic compounds of silicon, vi, 115. 
reaction of a sulphid of potassium 

on bromid of ethylene, vii, 390. 
replacement of alcoholic radicals, xl, 

34. 
etherification, xl, 40. 
Craig, B. F., products from combustion 

of gunpowder, i, 429. 
CressovCs Hymenoptera, noticed, viii, 294, 

ix, 363. 
Cretaceous, see Geology. 
Crinoid, genus Erisocrinus, ix, 173, 350. 
Croconic acid, iii, 274. 
QrcXL, J., heat-vibrations, viii, 267. 
Crookes, on thallium, ii, 411, iv, 275, 409, 

V, 273, viii, 266. 
Cross, i?., journey across Andes, xl, ISfi. 
Crustacea, claseiflcation of, v, 139. 

Carboniferous and Devonian, vi, 277. 
Crustacean, new Potsdam, v, 295. 

fertilizer, cancerine, ix, 272. 
Crystalline minerals reproduced, ii, 415. 
Crystallization of sulphur, WetheriU, xl, 

328. 
CraystaUography, MiUer\ vii, 148. 
Crystals, Krantz^s catalogue of modelf, 

noticed, v, 297. 
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dystals in blowpipe beads, Mneraoriy vii, 

of tartrates of caesia, etc., vil, 70. 

rhombohedral and dimetric, biaxial, 
vUi,426. 

Scacchi on, noticed, zl, 260. 
Cnmming, H., obituary, xl, 395. 
Curare, poisoning effects of, ii, 98. 
Cyanid of ethylene, i, 422. 

mercury, salts of, iii, 121. 

phosphorus, vii, 269. 

sulphur, iii, 271. 
Czudnjowicz^ on eusynchite and dechenite, 
vii, 270. 



Damour on jadeite, noticed, vi, 426. 
Daaia^ J. J).^ fossil in Conn, river sand- 
stone, iii, 451. 

relations of death to life, iv, 316. 

classification of mammals, v, 65. 

Jurassic feathered reptiles, v, 130, vi, 

3ia 

detritus origin of coral reefs, v, 207. 
Mohawk valley glacier, v, 243. 
Palasterina (?) Jamesii, v, 295. 
oceanic protozoans akin to sponges, 
V, 386. 

cephalization, and Megasthenes and 
Microsthenes, vi, 1. 

time-boundaries in geological history, 
Vi,227. 

homologies of insects and crusta- 
ceans, vi, 3, 159^ 23a 

parallel relations of classes of Ver- 
tebrates, vi, 315. 
geol. history of Vertebrates, vi, 320. 
cephalization as a principle of clas- 
sification, vi, 321, 440, vii, 10, 157. 
Carboniferous insects, vii, 34. 
position of Amphibians among Verte- 
brates, vii, 184. 

slopes of Cotopaxi and Arequipa, viii, 
427. 

Brushite, ix, 45. 

age of iron ore of Mexico, ix, 358. 
origin of prairies, xl, 293. 
Rhizopods in the Azoic age, xl, 391. 
Manual of Geology by, noticed, iv, 
282, 444, vii, 302. 

Text book of Geology by, noticed, 
vii, 147. 
Mineralogy of, 9th supplement, i, 354. 
10th supplement, iv, 202. 
Darien Isthmus, ship canal near, iii, 296. 
Darlington, W., obituary of, vi, 132. 
Darwin^ 6'., on species, Bree on, i, 449. 
on fertilizing orchids, iv, 138, 420. 
dimorphism in Linum, vi, 279. 
climbing plants, xl, 273. 
Daubenton, biog. notice, NvcTdhy ill, 112. 
Daubeny, eruption of Vesuvius, iv, 4;i9. 
Dauber, H., obituary, ii, 150. 
Datibrde^ Prof at Jardin des Plantes, iii, 

150, 441. 
Daussy, P., obituary, NicklM^ i, 268. 
Damdnon. on Nova Scotia brachiopods, vi, 

277. 
jDat^ies*^ mounting of microscopic objects 
ix,374. 

Am. Joub. Sci.— Second Sebies, Vol. XL, No. 120.— Nov., 1865. 

52 



Davy, on temperature of sexes, viil, 448. 
Dawes, W. R,, the solar surface, viii, 203, 
Dawson, J, w!, American Devonian, v, 309. 
flora of, V, 311, vi, 41, 279. 
Carboniferous flora of N. S., vii, 419. 
Laurentian fossils, viii, 231. 
the drift, viii, 233. 
papers on coal, noticed, i, 290. 
on Canadian fossils, noticed, iii, 278. 
on precarboniferous flora of N. B., 
Me., and Canada, noticed, iii, 278. 

on footprints of Limulus, noticed, iv, 
416. 

on air-breathers of coal period, no- 
ticed, vi, 430. 
Dead sea, expedition to, viii, 148. 
Dean, J., on Microscopic Anatomy of Spi- 
nal cord, noticed, ii, 302. 
Deane, J., on Ichnographs of Conn, river 

Sandstone, vi, 126. 
Death, relations to life, Dana, iv, 316. 
Dein-ay, on metallic spectra, iii, 414, iv, 407. 
Decaisne, on varieties in plants, vi, 432. 
DeCandolle, A., Prodromus, noticed, iii, 
430, iv, 288, viii, 290, ix, 859. 
on fruit of oaks, noticed, v, 430. 
on species, noticed, v, 431. 
memoirs reviewed, v, 1. 

reprint of, noticed, vl, 434. 
DeCandolle, C, on cork, noticed, iv, 287. 
Decken, Karl v. d., expedition of, iii, 263. 
Declinometer observations, Ba^ihe, i, 197. 
Deh^rain on gypsum, Johnson, vi, 419. 
Delafontaine, on thorium, viii, 417. 

on spectra of didymium, etc., xl, 260. 
De La Hive, aurora an electric discharge, 
m, 294. 
on thallium, vi, 113. 
De La Rue, eulogy on Bond, ix, 364. 
DeLaski, J., glacial action in Me., vi, £71, 

vii, 335. 
Delesxe, A., on Metamorphism, noticed, 
iv, 129. 
Carte Agronomique, v, 270. 
Extraits de geologic, 186^-3, xl, 272. 
Dendrerpcton, vi, 431. 
Dennw, w., temperature in temperate 
zone, V, 44. 
theory of tides, vii, 234. 
Density of vapors, iii, 413, vi, 408. 

ice, iv, 275. 
Deppe, F., obituary. Gray, iii, 427. 
i>MCZoi«cat<x'« Mineralogy, noticed, V, 298. 
Polarizing Microscope, noticed, xl, 
261. 
Desert of Sahara, expedition to, vii, 146, 

445. 
Des Moulins^ Vites Bor. Amer., noticed, v, 

445. 
Desor, E., lake habitations, viii, 437. 
Despretz, C. M., obituary, vi, 398. 
DevUle, Ii. St. C., on preparation of oxy- 
gen, i, 280, 427. 

reproduction of crystalline minerals, 
ii, 415. 
hydrofluosilicic acid, iii, 277. 
magnesium, vi, 114. 
vapor-densities, vi, 408^ ix, 846. 
permeability of iron, vii, 441. 
mortality in Paris, xl, 139. 
Devonian, see Geoloot. 
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DeVrfeae, W. H., oblHUtfj, 111, 438. 
Aww, C, cttricography, 1, SS, li, 88, v, G7, 
U,H9. 

Bonaparte* J nncea, 111. *33, vii, 1*7. 
Daler, H. P., salts of cjanld of mercury, 



Diaeon, on spectra of metala, v, 414. 

Dialysld, Grabam on, ill, 41^ 

Diamond, Ootf^iert on xl, 388. 

Diatoms, Btriie of, 1, Xi. 

on deep eea bottomB, Y, 454. 

Dichroecope, Kood, i, 107. 

Didnnculua, rill, '^Vi. 

DidTinliiDianiierbium,BpectrBOf, xl, 280. 

Dlcthylaraine, I, 433, ill, («. 

Diffurenclal CalcutUB, l^rt't, □olk'eii, ii, 
3% 

Diffraction In mloroBcoplcTlsion, !U,3TT. 

Dimorphism in plants, fv, 285, 4m, vi, 279, 
ii, lUl, IIM, SW. 
of arsenic, antimony, dnc, 1, lOL 
in Cynipe, IVoisA on, vlil, 130. 

Dlnoeanrion, il, 893. 

Dlnolherium, a mnrsaplal, rUl, 42T. 

.Dlolco-dimorphism. ii, 419, U, 101. 

— ■ ■■ •- 1,456. 



Dlsiillatlon of volatile aabsUmces, Lea, 

Til, 377. 
Diiifrf, OD moffnesla Baits, T, 115. 
iJiMme,i'. r., atoll ofEboo, 1,318. 
Voherty'a Organic PUiloeophj, Till, 460. 
Dove's optk-al studies. Rood, 1, 11)9. 

photometer, JBuod, iil, 369, vl, 60. 

theory of lustre, flood, 1, il39. 
Jhageiuioiff, on atoreh, v, 116, li3. 



Eartbqnake in Hendos^ IBfil, II, 14& 
in MiasiBsippl vallej, ISOB, Xl, SR, MS. 
in Penang, 1B61, 11, 2OT. 
In HacmmcDto, 1860, li, 14a 
in Soutb America, xl, 3<I5. 
Id Bvrwuse, N. 1'., 1881,11, 297, 
In WashlnKtOD, 1N61, li. 45S. 

Enrtliwork, Wamcr'i theorems, etft, of; 
lii.BOt 

EalOfi^D. CHooker'sSpeciesKlIcnm,!, 



Dub's eicctro-magnetiBm,noUced, 11, 110. 
Da Chaillu-s tint. Hist, col lecliun, ii, 435 
Di^four, on density of ice, iv, 375, 870. 

obituary of, zl, 140. 
Dujaniintm echlnoderms, noticed, iv, 151. 
Dtuiua, thallium, v, 373. 
Dumiril, obituary, i, 268. 
Dankin, K, error Of transit observation, 

li, iri, 
Dupqirei'i Canal maritime, noticed, 
Daixmt, bnmun remains, xl, 136. 
i>Hran!r8VileBBor.Amer., noticed, 
Duruy's Hist, of modern limes, noticed, 

vi, 407. 
Dyeing mordanted cloth, i, 117. 



Earth, rotation of, Chatt. vii, 409. 

tidal wave of, etc., Mayer, vili. 397. 

heat of interior, Mayer, Till, ■lOi 

see niao AtmoiqAirt, Hagi-etimi, 
Earthquakes, theory of, Perr™, vii,l. 

In Buffido, 1865, is, 373, xl, 366. 

in California, in 18(t5, si, 360. 

in Canada otid U. 8., IShO, 1, 150. 

in KamtBChatka, in 1845, xi,381. 

in Ladiones, In 1849, il, 36L 



Echinoderma, A. Agasiii on, noticed, viii, 

jsaii, from Cincitmall. i>iiniit,T,S» 
Eclcfddt on disaeminatioD of itold, II, MT. 
Eclipse of ana, July. 1860, i, 13B, ill, 140. 

Egypt, legacy for mvcstigiiiions In, rtl, 

Elastic force)-, Lami on, vi, 400. 
""■ ectric currenu, action of, i.oaniit, tv, M, 
phologrophed, Stnyth, viii, 4S&. 
discharire, fMdenai, vIU, ^1 ; auion ' 
IS, 1,311,111. 394. 
Illumination at Boeton, vl, 307. / 
light, Jiood, i, 110, Yli, 207. \ 

proparttea of pyroiiline paper and 
run-cotton, vii, 115, ii, 348. 
resiatance, new unit of, Ii. 105. 
spark pbotographed, Boad, ill, SIB, 
clii, 301. 

tqiectni of metals, MlllM' on, U, 408; 
vl, 103, vlii, 107. 
apcctnim, Stoiei on, vi, 108. 
see nlao thermo-elocirie. 
Elcctricilv, rntnre of, A'orfon, Ii, BSa 
ftbe blood, ScoMltii^, vlii, 110. 
■nsioQ in, iii, 116. 
Electrolytic precipitation of copper and 
nickel, a method of analysis, iz, 04. - 
llectro-magnetiBm, hj Dab, noticed, B, 
110. 

by Wiedemami, noticed, li, 110. 
new eiptrimeatE, iii, 117. 
Electroscope, 6emEbart,Jf<*«n on, vl,lll. 
"■ enlft, on spectra of, sec jSncfro. 

_peclflE heat of, iii, 370. 
Eiiot, C. W., on Impnricles of commerdat 
line, i. \&, ii, 380. 
on lead In silver coins, noticed, 1, 430. 
Elliott, D. 6., prospectufl of work on Te- 

traonlnsf, vii, 437. 
Ememldine, 11, 417. 



photographic camera, ii, 237. 

improvement In stereoscope, ii. 403. 

new collodion; dry photogreldLic 
process, II, 426. 

tun n In process, Iv, 13t 

pcrceptlou of relief, iv, S13. 

fitiotographic copying, Iv, 413. 
tSbt on senBltive plate, v, 366. 
Jennrcnatid'a collodion, T, 41S. 
ftnn-tfjn, «. K, crystnls in blowups 
bends, vll, 414. 
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Xmliosanrian remidns from N. S., JforsA, 
f ill, 188, 278, iv, 1. 
JEmuiWs La Norvd|2^e, i, 155. 
Encke, J. F., obituary, xl, 396. 
Engdbach on lithium and strontium in 

meteorite, iv, 407. 
JEnadmanfiy O.^ Parry's nlants fSrom the 

Rocky Mountains, !▼, 249, 880. 

^^nus Euphorbia in De Candolle, iv, 

J&^ie^manii, J9I, vegetation of praiies, vi, 

England, Lias and Oolite in, yili, 285. 

Permian of, Murchiaon on, yiii, 287. 

Rh«etic beds of, viii, 284. 

Triassic mammals of, viii, 285. 
£ntomolog:ical Soe., PhU., xl, 141, 292, 893. 
Eosaums, vi, 481. 
Eozoon Canadensc, xl, 844. 
£qtdseta, &:<iog. distribution o^ viii, 126. 

in ^eiss, xl, 124. 
Equivalents, chemical, relations of, Lea. 
IV, 887, 

Stxu on, i, 419. 
Erbium, Pypp on, viii, 418. 

absorption spectrum of, xl, 260. 
Erdmanny on separating organic alkaloids, 

iii, 415. 
Espy, J. P., obituary, i, 151. 
Essex Institute, proceedings, viii, 152, 451, 

ix, 116, xl, 144. 
Ether, barometric indications of a resist- 
ing:, Chuse^ viii, 158. 

m solar system, WUeocka on, ix, 114. 
Ether, formation of, Hwte on, viii, 819. 

replacement of hydrogen in, ix, 95. 
Etherification, Fnedddb <><{fts, xl, 4a 
Ethyl bases, production of, Lea, ii, 25. 
separation of, LeOy ii, 26. 

virith boron, i, 276. 

acetate o^ with bromine, etc, vi, 42. 

nitrate and nitrite of, Lea, ii, 177, iii, 

oxalate of, Zeo, ix, 210. 
£thylamin, i, 422 ; Lea, iii, 80. 
Slhylene, bromidof, reaction of asulphid 
of potassium on, vii, 890. 

cyanid of, i, 422. 

monobromid of, into acetylene, 11,414. 

oxyd of, i, 277, iv, 180. 
JEvans, K IV., Ohio meteorite. May, 1860, 
11,80. 

action of oil-wells, viii, 159. 
Evans, John, sketch of, Jackwn, ii, 811. 
JBverett, J, 2)., on reducing temperature 
observations, v, 17. 

reply to LoomU, vi, 173. 
E^losive force of powder, Barnard, vi, 

Eye, field of vision of, viii, 441. 

blood corpuscies in, i, 325, 417. 
Eye-piece, Touet^s orthoscopic, i, 112. 



Fairbaim, Brit. Assoc, address, ii, 863. 
Faieoner^ on glaciers of the Himalayas, 

vii, 273. 
Falconer, H., obituary, ix, 236, xl, 189. 
Faraday, on revelation, i, 414. 

on tSkmanr g^a-tamic^B, iv, 277, Iz, 



Faye on electrical effects. Hi, 116. 

Feddersen, on the electric dischanre, vill, 
421. 

Ferrein on sulphids of alcohol radicals, 
iv, 183. 

Ferrd, TT., motion of fluids and solids rel- 
ative to narth's surface, i, 27. 
solar eclipse, July, 1860, i, 139. 
cause of Nile inundation, v, 62. 

Fertilization of orchids, Ch-ay, vi, 292. 

Fertilizer, Dch^rain on gypsum as, John- 
son, vi, 419. 

Fibres, tropical, Squier on, iii, 140. 

Figuier^s L^ann^e scientifique, i, 155, iv, 
128, vi, 407. 

Fiji Is., Seemann on products of, iv, 866, 
v,446. 

FUlicui' physical geog. of Algeria, v, 269. 

Filters, incineration of, i, 118. 

Fish, White, of Great Lakes, proposed in- 
troduction of into Scotland, viii, 449. 

Fission in some annelids. Minor, v, 35. 

Fitz, H., obituary, vii, 149. 

Fitzroy, obituary, xl, 140. 

FUeau on sodium spectrum, v, 414. 

Flame, color of, Merz on, i, 105. 
by phosphorus, vi, 116, 267. 
violet, of chlorids, v, 412. 

Flamen, Le Verrier du XIX si^cle, vi,*408. 

Flint glass prisms, for spectral analysis, 

Florence, Museum of, ill, 151. 
Florida reef, Hunt, iii, 197. 
Fluoborates, analysis of, v, 418. 
Fluohydrate of fluorid of potassium, vii, 

855. 
Forchhammer on saltness of sea, iv, 272. 
Fossils, casts of, by K A. Ward, ix, 224. 

see further, Geology. 
Fo^tquS, eruption of Etna, xl, 122. 
Fractional condensation, Warren, ix, 327. 
France, Assoc, for advancement of Sci., 
viii, 148, xl, 288. 

human remains in, vi, 123, 402, viii, 
145, 277, 297, xl, 135. 
F^nJdand on blue lithium line, iv, 407. 

on boron compounds, i, 276, v, 115. 
Fraunhofer^s lines, see Solar Spectbum. 
Frazer on osmium spectrum, vi, 267. 
Freezing of water, Bigdoto, ii, 205. 
Freiberg Mining Acad., centennial of, xl, 

loo. 

Fremy, spontaneous generation, viii, 489. 

Freaca, on cylinders of ice formed by 
pressure through orifice, xl, 134. 

Fresenius, phosphate of lithia, iii, 416. 
Manual of qualitative analysis, viii, 
267. 

Frick's Physical Technics, noticed, vii,149. 

FHedd, C, replacement of alcoholic radi- 
cals, xl, 34 
etherification, xl, 40. 
on compounds of silicon, vi, 115. 

FHtzsche, on determination of lime, ix, 
344. 

Frobisher Bay, HaXCs collections at, v, 298. 

Fuchslne from coal-tar, Ihrkin, ii, 27L 

Fulgurites or lightning tubes, i, 802. 

Furnace product, diopside. Brush, ix, 182. 

Furnaces, Siemnu^ regenerative, iv, 277, 
iz, 232, 844. 
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Funirohr, A. E., obituary, 111, 437. 
Fusel oil, Stein's test for, i, 114 
Fusible alloy, new, iii, 276. 

a 

Gabby W. Jf., Dr. Moore and Tejuis survey, 
i,460. 
joins California survey, ill, 155. 
Galapagos Islands, botany of, vii, 436. 
Galvanic experiment, Iv, 130. 
Galvanism, Wiedemann'* s^ noticed, II, 110. 
Galvanizing iron, prize to inventor of, 

viii, 301. 
Gangrene counteracted by oxygen, v, 266. 
Qarapon^ on aluminum manufacture, iv, 

126. 
Gardiner^ F.^ ice in Kennebec R., xl, 20. 
Gardner y /., on a meteor, vili, 2ft5. 
Garigouy human remains in Pyrenees, 
viii, 277. 
V Gas from leaves exposed to light, v, 121. 
3Gas-fumaces, Slemen^s, Iv, 277, ix, 232, 344. 
Gases, propa^tion of heat in, ii, 104. 
Gaspann, A. E. P. de, obituary, v, 261. 
Gautier, A., researches on nebulae, v, 101, 

vU,198. 
Gay, J., obituary, vii, 292. 
GHnitz'H Dyas, noticed, iii, 425, iv, 280, 
415, vii, 432. 

on new Permian plants, noticed, vii, 
482. 
Gelatine, reactions of, JLea^ xl, 81, 
Gemsbart electroscope, Kobdl on, vi, 111. 
Geiithy F. A.y Haidlnger on meteorites, ii, 
135, 440, iv, 152, vl, 150. 
mlneraloglcal contributions, III, 190. 
Newstead meteorite, vi, 149. 
Geographical distribution of Equiseta, 
vili, 126. 

notices, Oilman^ I, 51, lil, 259, Iv, 87, 
856, v, 223, vii, 75. 
Geological Museum, Rochester, N.T., ill, 
449. 
Soc. of France, iii, 439. 
Geological Works, noticed : — 
Arkansas, GeoL Report of, i, 124, 431, 

455, ii, 233. 
BarrandCy Defense des Colonies, xl, 392. 
Mfi'Sbyy Cflmbrian and Iluronian forma- 
tions, vi, 277. 
BronUy Index PalsBontologicus, Iv, 304. 
California Geol. Survey, Reports, 1, 124, 
Iii, 155, iv, 157, vi, 118, vii, 82, 427, 
viii, 256, 298, ix, 10, 99, xl, 141. 
Canada Geol. Survey, i, 122, v, 134, vl, 

428, ix, 224. 
Canadian Naturalist and Geologist, i, 

310, viii, 449. 
Chapman^ Minerals and Geol. of Can- 
ada, vii, 432. 
Conrady Catalogue of Miocene shells, 

V, 428. 
Dana, Manual of Geol., iv, 282, 444, vii, 
802. 
Text-book of GeoL, vii, 147. 
Davidson. Nova Scotia brachiopods, vl, 

277. 
DawHon^ papers on coal, 1, 290. 

Canadian fossil and climate, ill, 278. 
flora of N. B., Me., and Caoada, 
m.27S. 



Gbolooioal wobks, noticed : — 
Dawson^ footprints of Limulus, iv, 416. 
air-breathers of coal-period, vi,4S0, 
Deane^ ichnographs of Conn. R. sand- 
stone, vi, 126. 
Ddess^y Metamorphism of Rocks, iv,129. 
Extraits de Geologic, 186^-3, xl, 272. 
Geinitz, Dyas, iii, 425, iv, 280, 416, vii, 
432. 
two new Permian plants, vii, 432L 
JHaaet, formation of Canterbury Plains, 

xl, 143. 
Hall, Palaeontology, i, 125, 292, ii, 480, 
iii, 127, 280, vii, 137. 

Crinoldea of Upper Helderbergand 
Hamilton groups, iv, 282. 
new Niagara fossils, vi, 127, ix, 858. 
crinoids of Waverly sandstone, vii, 
140. 
Fauna of the Potsdam, vii, 140. 
Laurentian of E. N. Y., ix, 96. 
GraptoUtes of Quebec group, iz^ 
224. 
HayderL, Geol., etc., of Upper Missouri, 

iii, 452, iv, 100, xl, 271. 
HUgardy GeoL of Mississippi, ii, 803. 
Hind, Geol. of N. B., xl, 142. 
Hitcficocky Supplement to Ichnology of 

New England, xl, 892. 
HdnueSy fossils of S. C, ill, 298. 
111., Geol. Report of, i, 124, 125, ix, 851 
/owes, Fossil Estherise, vi, 277, vii, 140. 
Jukes, Manual of Geol., iv, 282. 
Kentucky Geol. Survey, i, 294, 460, ii, 

118, 233, 281. 
Leidy, U. S. Cretaceous Reptiles, xl, 39L 
Leslevy Mont-Alto lignite, etc., xl, 119. 
Lyelll Antiquity of man, vi, 1^, vii, 432. 
McChesney, fossils from Western States, 

ii, 123, xl, 116. 
Maine, Board of Agriculture Report, 
iii, 452. 
Geol. Report, vi, 274. 
Marcou, rocks' of Vt. and Canada, iii, 
281. 
Geol. of Nebraska, ix, 157. 
Meek, Miocene fossils of N. A., ix, 858. 
Meek & Hayden, Nebraska fossils, i, 126, 



iv, 137. 



paleontology of Upper Mis- 
souri, xl, 271. 

Meek & Worthen, fossils from 111., etc., 
1,125. 

Michigan, Geol. survey of, II, 303. 

Nevada, Geol. survey of, xl, 273. 

N. Brunswick, Geol. Reports of, ix, 856, 
xl, 142. 

N. J., Geol. report of, ix, 359. 

N. Y., Geol. survey of, i, 125, see J. ML 
Regents of Univ. of. Report, i, 298, 
ii, 430, ill, 279, iv, 418. 

Owen, reconnolssance of Ind., v, 154. 

Pander, Devonian fishes, vl, 1^7. 

Hoemer, Silurian fauna of W. Tenn., 1, 
127, 205. 

Russia, Geol. map of, xl, 123w 

Salter, fossil Crustacea, vi, 277. 

STiimiardy Cretaceous of Texas, i, 137, 
iii, 300. 

SuUivan, geologv of Santander, vili, U& 

Tennessee, GeoL soivey of^ i, 294. 
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Geological Works, noticed : — 

Texas, Geol. survey, i, 124, 294, 460. 

XJnger^ tour in Greece, etc., vii, 79. 

Vt., geol. report, iii, 416, iv, 135, v, 430, 

Ward, Mepvtherium Cuvieri, viii, 295. 

VHiite and TOt/^W, Mississippi valley, 
rocks and new fossils, iii, 4^. 

'Whitney y Geol. Rep. on California, see 
California (preceding page). 

Wise, Geol. Survey, ii,454, iii, 420, 453. 
Geology — 

Albert coal of N. B., Hitchcock, ix, 267. 

American geology, HurU, i, 892. 

Annelid, fossil, Marsfi, viii, 415. 

Anthracosaurus Russelli, vi, 277. 
y. Anthrakerpeton, xl, 124. 
^Appalachian region of Va., Lesley y iv, 

41 u. 

, ArehaeopteiTx, v, 129, vi, 127, xl, 271. 
-^ Azoic age of N. J. Highlands, ix, 221. 
of Mexico iron ore, ix, 368. 
rocks of Michigan, ix, 290. 
of N. Y., ix, 96. 
Barrel-quartz, SUliman, viii, 104. 
Beatriceae, Hyatt, ix, 261. 
Calomoporse in gravel near Ann Arbor, 

Jtominger, iv, 389. 
Carboniferous and Permian, species 
common to, Kirkby^ v, 138. 
crustaceans of, vi, 277. 
formation of N. A., Lesguereux, ii, 
15, 193, iii, 206, v, 375. 
f \ Cape Breton, vi, 179. 

J A> flora of N. Scotia, Dawion, vii, 419. 
^ insects of Illinois, vii, 34, xl, 268. 
Saurian vertebrae of N. Scotia, iii, 
188, 278, iv, 1. 
a seam of coal in, Andrewe, viii, 194. 
Labyrinthodont, new, vi, 277. 
rocks and fossils west of Missis- 
sippi, etc., Meek, ix, 157. 
Centronella genus, etc., BiUings, vi, 236. 
Cepbalopods, new, and rocks of Mich., 

iii, 352. 
Conn. River sandstone, footmarks of, 
vi, 46, 126. 
fossil larve in, iii, 451. 
Copper range of Lake Superior, iii, 820, 

iv, 112. 
Cretaceous in California, viii, 261. 
of W. Tennessee, vii, 360. 
of Texas, Meek, ii, 278. 
west of Mississippi, ix, 157. 
transition to Tertiair, viii, 287. 
Crinoid, genus Erisocrinus, Meek, ix, 

173, 350. 
Cryptonella, Centronella, etc.. Half, v, 

896, vi, 11, 
Crystalline limestone, produced by 

heat, vi, 278. 
Denudation, effects of. Jukes, iv, 489. 
Devonian, American, Dawson, v, 809. 

flora, Batoson, v, 311, vi, 41, 279 
Catskill group, age of, Jewett, Iv, 418. 
and Chemung groups, identifl 
cation of, v, 61. 
crustaceans of, vi, 277. 
insects, N. Brunswick, ix, 857. 
microscopic organisms of horn- 
stone in, Ui, 885. 



Geology— 
Devonian nature of Elgin sandstone. 

viii, 288. 
Dinotherium a Marsupial, viii, 427.* 
Diptera of the Amber-fauna, vii, 305. 
Drift, Dawsoti, viii, 233. 

in Brazil, Agassiz, xl, 389. 
in Michigan, Winchell, xl, 881. 
MurchUon on, ix, 358. 
Period, Pictet, i, 345. 
Enalioeaurian remains from N. Scotia^ 

Marsh, iii, 138, 278, iv, 1. 
Fishes, American fossil, Newberry, iv, 73. 
Fossils, Arctic, HalVs, v, 293, xl, 81. 

fruits of Brandon, Vt., ii, 355. 
Gait limestone, iii, 46, ix, 353. 
Glacial, see Glacial. 
Goniatite limestone at Rockford, Lad.» 

Meek and Worthen, ii, 167, 288. 
Human remains, see Man. 
Ichthyosaurian skin, ix, 358. 
Jurassic, feathered vertebrates of v, 

129, vi, 318. 
Laurentian fossils in Canada, i, 898, vi, 
222, vii, 272, viii, 231, 481, xl, 344, 891, 
Leclare limestone, iii, 46, ix, 858. 
Leptocoelia concava, v, 84, 
Lias, transition of, to Oolite, Ramsay^ 

viii, 285. 
Lingula-flags, fossils in, viii, 122. 
Lingula polita, Whitjield, iv, 136,' 
Mastodon in California, iv, 185, viii, 264. 

in Michigan, Winchell, viii, 223. 
Megatherium, vi, 800, viii, 295. 
Oneida conglomerate, Jewett, viii, 121. 
Palasterina ^V) Jamesii, Dana, v. 896. 
Paleozoic climate. Hunt, vi, 396. 
Pebbles, elongated, i, 375, 440. 
Permian of England, Murchismi, viii» 

287. 
Petroleum, see Petroleum. 
Plants, fossil in Nebraska., Heer, i, 485. 

Equisetum in gneiss, xl, 124. 
Pleurodyctium profolematicum, v, 88. 
Potsdam sandstone, tracks in, i, 17. 
crustacean, new, v, 295. 
fossils of, Winchell, vii, 226. 
of N. J. zinc mines, ii, 208. 
Trilobites of, in Wisconsin, i, 894, 
ii 149. » » » 

'in Vermont U, 282, 454, Ui, 100, 106. 
370,421. 
Primordial fauna, i, 210. 

fossils in N. JBrunswick, ix, 86. . 

in Texas, ii, 213. 
sandstone of Rocky Mts. iii, 68. 
Ptcriidae, Meek, vii, 212. 
Quebec group and copper-bearing rocks 
of L. Superior, Logan, iii, 320. 

at Point L^vi, with catalogue of fos- 
sils, Logan, vi, 366. 
age of, Logan, iii, 105. 
fauna of, Logan, i, 216. 
Red sandstone of Vt., age of, BiUingB, 
ii, 282, iii, 100, 370, ^1. 
a H. Hitchcock, ii, 454. 
Rhtetic beds of England, viii, 284. 
Rocks, see Rocks. 

Rocky Mts., period of elevation <rf', 
near sources of Missouri, iii, 806. 
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Gboloot— 

Soliferoas Toda Mid nit ipric 

Mlphi;>iin, mncheH.iv, S07. 
Silurian beds ofW.Teiiii.,6li^j«/,i, 305. 

fosgila, new. iU, 138, STB, Iv. 136. 

rocke of N. Scotia, vlli, 289. 

Glaiwonlie Id, Smil, fiJ, S?t. 
Solar fyslinii, unit; of geoL phenoi 



Tertiary In CnlUbrala^ Whilnty, viil, 
EnceDe ligalte, U. States, Cci 
il,36S. 

Time-boDDdaries Id eeoL hlet., Dana, 

yi,a27. 
Trees, bnried branches of, la niiDois. is, 

55. , ,-, 

Trla£»li: mamTnaliita remains In Eng- 



Geometrical drawing, Warrtn'i 

m, 30a 
Gaomelry, ileBCrlptiTe, Wamh 

lemB of, 1, 448. 
German Association, viil, 448. 
Germination affected by ozone, t 

Til, 373. 



Glbba, J. W., obitnarj o^ 1, 463, 
Oiblit, W., on platinum mcUls, 1,^3, iv, 
841, Til, 57. 

pliTElcal and chcmiral abstracts, I, 
113, a7fi, 414, 419, li, IM, 110, 4U, iii, 
B70, 413, IT, 130, 404, T, 110, 411, vi, 113, 
403, 413, Til, IIH, 387, 408, viii, 106, 113, 
365, 415, Is, 91, 315, 344, il, 113, 357, 
atomic welghte, i, 340. 
contributions to chemlsti^, -vii, 346, 
11,58. 

nppolDted Prof, in Harrard ColL, tL 
S09. 
Gibraltar, liumitn remsina in carcB, t 

383. 
GiH, r., Tryon's Contributions to Ci 
etioloffj. V, 2S7. 
Balbrooei Ichthyology of a Q, vli, i 
Squall of Cnlifomia, noticed, t, SSI 
Synopsis of Squall, noticed, v, 399. 
OUUa, J. jr., comet II, ISei, li, ES4, 31 
80S. 



)aud,li,S?7; at Washington, U. _.. 

appointed lo U. 8. NaT. obserraCory, 
11,141 
obscrralloiu, 1661, noticed, v, 146. 
oblluarjs 11,385. 
VSmai.. D. C., gcograpbicsl notices, 1, Bl, 

ill, 359, iv, 87, ase, V, 283, vii, 7B. 
lilmim, on limea, cementa and nuMtan, 

ilncial action in California, vUl, 358. 

in Hlmalayaa, FaloMer, Til, 273. 
in Maioe, Dt Latki, t, 349, vl, 374, 
vli, 335. 

in Mobawli valley, Dana, T, 343. 
in Nova Scotia, StOiman, vU, 41T. 
origin of eertUn lakes, v, 324, 
Hacicr.a, uttion of, Stakin, Ix, 08. 
JJiiiMoiie on violet flame of chlorldB, t. 



_ _,_ . ..n,W,S31. 

L and its compounds, Joy, vi, 83 

ed in surgery, ii, 98. 

ind, noticed, xl, 3™ 



aylng, o 



Gooduear'i translation •: 

liccd, xl, 389. 
Qorilln, Savjiyrd, ill, 48. 
' Oaai on, il, 435, Iv, 44a 
«uu of parts oi; viii, 393. 
height of, aray, II, 43T. 
GBtlie'* MeuunorphoBia of plants, viii, 138. 
GatUchulk, spectmm of chlorochromic 

Goidd, £. A., obituary of Uastermaa, vi, 
448. 
culo^ on Hubbard, noticed, li, 115. 
Oraegtr, R., value of soap, 1, 114. 
Qraham, on chemical analysis, iii, 418. 
rubidium in planta, iT,40T. 
, , bituary, ill, 149. 
Qratiolnt, on the brain in man and mon- 
keys, iv, 1S8, 441. 
obitunn-, xl, 140. 
Gravity, WaUing, II, 354. 

and muiruetlBm, relations o£ Chatc, il, 
313, xl, 83, 166. 
Orav, A., Bolanical notices and reviews, 
■ ■'•■' 431, 443, li, 124, 389, iii, 139, 437, 
-"" 383, 419 V, 134, 430^, 133, 



9,4.^, 



'i'l 



33, viii, ] 



11, lui, Ac», on, Ai, 125, STd. 

Plants from Rocky Mts., ill, 337, 404, 
iv, 349, 330, T, 137. 

fertilization, etc., of orchids, iv, 138, 
4S0, vi, 393. 

DeCatidoUe'B memoirs, T, 1, vi, 431 

on the i!;as evolved by leaves, v, 13t. 

Herbarium of, at Cambridge, viij, 138, 



ijras, J, Ji.j ueigiit oi goniia, ti, VSI, 
Great Brilnln, ordnance survey of, iv, 3S8. 

inininK etatlBtics, 1864, x], 390. 
Greece, y»sei-'«tOiir In, vU, 79. 
Green Mts., change of leTel in, viii, 243. 
Greene, B. D., obituary, v, 449. 
Ortg, S. J*., periodic meteors, vli, 44S. 
catalogue bj, noticed. 111, 391, 
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rianlje Wiiglitianre, rotieed, i, 
Gnmer et Zon, M*talliirj(ie da Fi 

Angleterre, vi, 273. 
Guano ond artificial pearlx, ill, ISO. 
Goano ialandB of the Pacific, i», 2ii. 

products of Sombrern, vi,433, si. 887. 
Gulf Slreom Cloud Bu,nk, Hmil, v, 389. 
Otdick, 0. H., on Kilauea, tSI, 416. 
Gum-arabic, with albumen, vi, 388. 
Gua-castlng at Pittsburgh, til, fflW. 
Gun-coltUD, electric propertiisB of, Tii, 

n5,li,M& 
Gunuerj, height determined by, ylli, 299. 
Gunpowder, combustion of under differ- 
■ «nt pressures, 1, 139. 

force of, Baynard, yi, 2il. 
Bunaberg, on deilrin with albumen, vi;86e. 
ffOayol, A., Appataelilau sjstem, 1, 15T, 
,1 phjTBtcal maps, by, noticed, »ii, BO. 
Gvpsum as a fertilizer, Ja/inaan on Dchi!- 

rain, t1, 419. 
Gyroscope, experiment with, Ji«xf , ix, 359, 



fiooat, on Formation of Canterbury pldns, 

noticed, si, 143, 
Hackley, C. W., obltnair, i, 3fti, 
HaeuBBcr, E., obituary,!, 461. 
ffaga-t GeoL of Vt., notitcd, lil, 418, Iv, 

135, V, 430. 
Ifagus,J. i)., Guano Illondsof tbeFaciSc, 

iv, 324. 
ffaiditiger, W., on meteorites, 11, 135, MO, 

iv, 163, Tl, ISO, vlii, 42i, si. 1S4. 
Haldenian'i Tour of a Cheas Knlgbt, no- 
ticed, si, 291. 
Bale'! flora of Wisconsin, noticed, 1, 130. 
HoB, A., elements of comet I, IBHl, li, 2511. 
jBoU, C K, Arctic enpedltion, 1,54, iv, 3DB. 

collections at Frobi-'ber Bay, v 393. 
Hall, B., botanical collections in Kocky 

Mts., y, 137, vi, 120. 
Ball, J., primordial &nna and Pulut Levi 

foBHlla, S, 220. 
Potsdam aandstone and Hudson river 

rocks In Vermont, 111, l-Oe. 
rejoinder to criticiBme on Lis Ful^eou' 

tology, ill, 127. 

on nev Potsdam cmslacean, T, BUS. 
Crvptonella, Centronella, etc., v, 398, 



geoL survey of WlscoDaln by, li, 
iU, 430, 453. 

Crinoldea of Upper Hddcrberg and. 
Hamiltou groups, by, iv, 282. 



Bareottrl, on perozyds Of potuBiom and 

idium, iii, 873. 
Harkneis, on Rosf hire sandstone. Tlll,2(e. 



< Niagara fossils, uotlced, i 



Crluoidea of Waverlj' sandstone by, 
notice of, vli 140. 

Fauna of Potsdam sandsloue by, no- 
tice of; vll, 140. 
' , Lanrentton In E. New York, noticed, 
/ ir, 96. 



animalcules In tl 



<iood,Tiii, 



llartei/,0 

293. 

RariM, on hydrate ot soda, tU, 117, 
Harru, iusects lujarluns to Vegetation, 

noticed, Iii, 434. 
Nairism, B F., sointion of IcB, », 49. 
BartmanH^D\u Forlschritte dea metaUqp- 

glschen Huttengewerbes, 4c,, vl, 278. 
^rff, on primordial foasils of N.B., Iz, 

350. 
fosstl insects discovered by, Ix, 857. 
Hanm/'t Tliesaurua Capenais, i, 128, Tij, 

a«, xi, laa 

Phycologia Anstnilica, Tii, 388. 
Flora Caiieoais, i, 138, v, 444, zl, 195. 
Bang/lion, on reBcxion of polarised light, 
vi, 109, 



Rocky Uts , primordial sandstone of, 
111,08. 

period of cltYBtion of, Hi, 30G. 
Mnudan ludians imd their language, 

U. 8. surreys, iv, 08. 
Eibnogmpby, etc., of Indiana of Hli- 
aouri valloy, noticed, iv, 448. 
see further, Mesk and Bofdm. 
Sayet, A. A., copper, lead and tin in alco- 

lioilc spirits, ii, 114, 
SagBf-Dr., Arctic voyage, i, 51, U, 461, 



aya, fi. D., lead'Salt correepondlng t( 
cobalt-yellow, 1, 326. 
Hayti, Indian Race of, VanHeaiieL V, 171 



eat, absorption 
iuatralkn, 1 
in KsacB, ii, 104. 
radiant, pmsuge of throngh rock-ialt, 

from' sun, Sfauer, vlU, 899. 
of Interior of earth, Jfojw, vtU, *0L 
of cjirth. cooling of, viit407. 
sources of, Mautr. vi, 2^ 
Bun-B, mcBBure of, Uawr, vl, 264. 
Tyndall on, aoticed, Vt, 310. 
vfbratlonB, Onil, vlii, 367. 
Heath in N. America, il, 290, ill, 23, vUL 

133, 438, ii, 338. 
Heer, 0., reply. to Newberry on ags of 

Nebraska Wves, i, 435. 
Height of Lake Geneva, vill, 300, 

ulounlaiuB In CaL, WhUntjj, Tl, 128, 
vU, 81, vlii, 258, 398, iX, la 

In Rocky Mis., viii, 148. 
detcnuiucd by gunnery, Till, 399. 
SH», on melijor, D«c, i881, iv, «1. 



or, March, 1863, noticed, Tl, 
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Jfotnemy, on Mars, viii, 435. 
Eenriei^ on function of roots, vii, 136. 
J9btry, /., distribution of specimens in 
nat. hist by Smithsonian Inst., iii. 441. 
Henslow, J. S. obituary, Gray, iii, 427. 
Mmburn'a meteorologiod record, Japan, 

iv, 96. 
Herbivores, classification of, Dana^ yii, 

157. 

Merrick, E. C, shooting stars, 1, 136, ii, 

294, iii, 147, 148, 290, 291. 

Auroral record, ii, 81. 

seventeen-year Cicada in 1860, New 

Haven Co., Conn., iii, 483. 

obituary, iv, 159. 

Mertchel, A. /&, on August meteors, 1863, 

vi,444. 
Sersehely J., on the sun, viil, 143. 

spectrum of shootin^stars, ix, 232. 
Hervetfa, Plants of New Bedford, Mass., 

.noticed, i, 130. 
Seasmberg^s Min. Notizen, viii, 427. 
Heterogeuy, see Spontanemts Generation, 
HeugliH^s search for Dr. Vogel, i, 59. 
Hildreth, S. P., Meteorology, etc, of Mari- 
etta, 1860, i, 252. 
1861, iii, 216 ; 1862, v, 181. 
obituary, vi, 312. 
W^ard^a GeoL, etc, of Miss., noticed, ii, 

Him^ayas, glaciers of, Fcdooner^ vii, 273. 
Hind, H. Y., GeoL of N. Brunswick, no- 
ticed, xl, 142. 
Hind, J. R,, disappearance of nebula, iii, 

436. 
HinricJis, G., density, rotation, and rela- 
tive age of the planets, vii, 36. 

dark lines in spectra of elements, viii, 
31. 

ma^etie period depending on sun's 
rotation, viii, 420. 
planetology, ix, 46, 134, 276. 
inclination of planets to invariable 
plane, xl, 131. 
on researches of, Kirkioood^ viii, 9. 
Hippuric acid, Maier, ix, 208. 

in animal organisms, v, 291. 
Him, L'^quivalent m^canique de la cha- 

leur, i, 155. 
Hitchcock, C, red sandstone of Vt., ii, 454. 
antimony in Canada, vii, 405. 
Albert coal, ix, 267. 
Maine GeoL Report, noticed, vi, 274. 
Hitchcock, E., conversion of conglomer-i 
ates into gneiss, talcose schists, etc., i, 
372. 
fossil footmarks, vi, 46. 
Vt. GeoL Report, by, iu, 416, iv, 135, 
V, 430. 

reminiscences of Amherst Coll., by, 
notice of, vii, 148. 

Ichnolo^y of New England, Supple- 
ment, noticed, xl, 392. 
obituary of, vii, 302. 
Hochstetter, Prof., death of, i, 461. 
Hojmann, polyatomic bases of nitrogen, 
phosphorus and arsenic series, i, 420. 

separation of mono-, bi-, and triethyl 
amin, i, 422. 
on anilin dyes, v, 417, vi, 413, 



Hofbrw^tt IchthyologT of S. C.« noticed« 

vii, 89. 
Holmea'a fossils of S. C, iii, 29a 
Holyoke water-fall, Lownie^ yi, 354. 
Homologous series, mathematical (heoir 

of, ii, 411 
Hooker, J., on Welwitschia, noticed, vi* 

434, xL 273. 
Hooker, J. D., Arctic Plants, noticed, iv, 
144. 

cedars of Lebanon, etc, noticed, ir, 
148. 
N. Zealand Flora, ix, 35a 
and Beniham, Genera Flantaram, t, 
134. 
Hooker, W. J., Species Filicum, i, 183, t, 
138, vUi, 429. 
second century of Ferns, i, 182. * 
obituary, xL 288. 
Horizontal magnetic force, JSadie, It, 261, 
878. 

influence of the moon on, BaeJu, iv, 
381 
Hough, G. W., comet, II, 1862, iv, 204. 

machine for cataloffuinff starSjViii, 1W» 
Hoio, H, natro-boro-calciteln Nova Scotia 
gj'psum, ii, 9. 
on gyrolite, ii, 13. 
Hvbbard, J. S., elements of comet IL 1861, 
ii, 310. 
obituary of, vi, 313. 
eulogy on, noticed, ix, 115. 
Huibner, on cyanidof phosphorus, vii, 280l 
Hudson Bay, explorations of, y, 237. 
Huggins, W., spectra of fixed stars and 

nebulaB, xl, 73, 133. 
Human, see Man. 
Humphreys d) AbboVs Report on Miss. 

River, III, 181, v, 223, vl, 16, 197. 
Hunt, E. B., Florida Reef, v, 197. 

physical notes at Key West, v, 388. 
obituary, vi, 450. 
Hunt, T. 8., ^eoL survey of Canada, i, 123. 
theory of types in chemistry, 1,256,460. 
chrome garnet, i, 295, 360. 
American geology, i, 392. 
chloritoid from Canada, i, 358, 442. 
ozone, nitrous acid, nitrogen, ii, 109, 
V, 271. 

origin of some magnesian and alumi- 
nous rocks, II, 286. / 
Taconic system, ii, 427, iU, 135. / // 
glauconite in lower Silurian, iii, 277. 
bitumens and pyroschisis, v, 157. 
claims theory of nitrification, v, 27L 
metamoi^hic rocks, vi, 214. 
on Mact'arlanc on manulacture of 
soda, etc., vl, 269. 
climate in the Paleozoic, vi, 396. 
lade vi 436 

lithology, vii, 248, viii, 91, 174. 
Lauren tian Rhizopods of Canada, Eo- i ' 
zoon, vii, 431, xl, 344. 

chemistry of natural waters, ix, 176, 
xl, 43, 193. 
HujUer, on absorption of gases by char- 
coal, vl, 412. 
Hurricanes at Key West, Hunt, v, 383. 
Huxley, T H, on brain in man and mon- 
keys, iv, 188, 441. 
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Huaaiey^ T, K, Man*8 place in Nature, no- 
ticed, V, 451. 

on new Carboniferous Labyrintho- 
dont, vi, 277. 
Ori/^n of species, noticed, vi, 812. 
Comparative Anatomy, by, vili, 294. 
ffyatt, A., on the Beatiicese, ix, 261. 
Hybrid plants, return to parental forms, 

Hydrastine, Mahla on, iii, 48, vi, 57. 
Hydrate of baryta, preparation of, ii, 118. 
magnesia, crystalline, ii, 94. 
soda. Harms on, vii, 117. 
Hydraulics of Humphreys and Abbot's 

Report, Barnard^ vi, 197. 
Hydrocarbon, C4H2, in coal gas, i, 118, v, 

115. 
Hydrocarbons, new modes of forming, iv, 
131. 

process of fractional condensation for 
separating, Warren^ ix, 827. 
volatile, Warren, xl, 89, 216. 
Hydrofluosiilcic acid, iii, 277. 
Hydrogen, arseniuret of, vii, 117. 
compound of iron and, iii, 272. 
nascent, sulphuric acid reduced by, ii, 
412. 
peroxyd of, v, 114. 
pbosphuretted, vili, 813. 
properties of, v, 112. 
replacement of, in ether, ix, 95. 
sulphid of, reaction with, xl, 888. 
Hylerpeton, vi, 431. 
Hylonomus, vi, 430. 
Hyperchloric acid, Moscoe on, iv, 181. 
Hypermanganic acid and compounds of 
sesquioxyd of manganese, optical dis- 
tinction of, vii, 408. 
Hyponitric acid, Mulier on, iv, 182. 

spectram ofl i, 415. 
H7x>osulphite or soda, vii, 846. 



Ice-cylinders, by pressure through ori 
tices, xl, 134. 

densitv of, Dufour on, iv, 275, 370. 
manumcture of, Carre on, vi, 405. 
effect of, in boiling water, iv, 180. 
solutiou of, on inland waters, ffarri- 
Bon, V, 49. 
in Kennebec R, Qardiner, xl, 20. 
Ichnographs from Conn. River sandstone, 

Deane on, noticed, vi, 126. 
Ichthyosaurus, sliin of, ix, 358. 
Illinois geol. survey, report on, i, 124, 125, 
ix, 358. 
buried stems and branches in, ix, 95. 
Nat. Hist. Soc, Transactions of, vi, 
312. 
India, configurations of, Schlagintioeity iv, 
101, 96. 

KaralsLorum range, measurement of 

pealc in, iv, 365. 

Indian race of Hayti, Van JTeuvd, v, 171. 

tribes of Missouri Valley, Hal/den's 

Ethnography of, iv, 446. 

Indiana Geological Reconnoissance, by 

Owen, noticed, v, 154. 
Indisine, ii, 268. 
Indium, Beich, vi, 415, vii, 269, viii, 118. 

Aj£. Jour, aoLSsooifD Sxbibs, Vol. 

53 



Indium, wave length of blue line of, zl, 269. 
Infusoria in organic solutions, iv, 79. 
Infusorial earth, analysis of, viii, 277. 
Inli, prize for, xl, 139. 

plant, Jameson, vU, 287. 
Insects, fossil, from Carboniferous of Illi- 
nois, vii, 34, xl, 268. 

of N. Brunswick, ix, 357. 
mounted for microscope, vi, 167. 
ravages of, a cause of their destruo- 
tion, %iii, 299. 
see alsoZooLOOY. 
Intematiooal College, NieUht, iv, 125. 
Exhibition, Science of, Mar^h, v, 266. 
Ceramic Arts of, SalvStat, v, 268. 
Interpenctration, chemical theory of, C. S. 

Pierce, v, 78. 
Interpolation in physics and chemistry, 

Bartlett, iv, 27. 
Inundations, causes of, i, 275. 

of Nile, Ferrd, v, 62. 
Iodine, violet colors from, viii, 148. 
Iridium, ores of, resolved, i, 64. 
Iron, ammoniarpicrate of, i, 86. 
Bessemer's process for, v, 421. 
carbon in, iii, 273. 
carbonate of sesquioxyd of, iv, 821. 
chromic, vii, 358. 

combination of hydrogen and, iii, 273. 
containing i opper in puddling, i, 116. 
desulphuration of, in puddling, v, 119. 
manganese in, v, 120. 
meteoric, see Meteoric, 
nitrate of, Ordway, xl, 316. 
oxyd of, from lime, etc., i, 113. 
permeability of, vii, 441. 
sensitive reaction for, viii, 266. 
separation from other bases, by ace- 
tate of sodium, ix, 60. 

separation of sesquioxyd and protoxyd 
of, viii, 116. 
silicon in, v, 118. 
Tiasier^s process for, i, 120. 
titanium in, vii, 126. 
tungsten in, vii, 118. 
at London Exhibition, v, 258. 
Iron ore in Arizona, Blake, xl, 388. 
in Mexico, ix, 309, 358. 
in Michigan, Kimball, ix, 290. 
Isthmus of Darien, ship-canal near, iii, 296. 
of Suez, cutting of, and cutting of 
other Isthmuses, viii, 300, ix, 85. 
Italian exhibition, 1861, iii, 152. 

Soc. Nat. Sci., xl, 395. 
Italy, mineral productions of, iii, 153. 

geol. map of, iii, 151. 
Ives, Dr. Eli, obituary of, ii, 455. 
Ives, J. C, Colorado river, report, ill, 887. 
Ivory, vegetable, vii, 445. 



Jackson, C. T., sketch of John Evans, ii, 
811. 

Tellurbismuth from Ga., v, 99. 

Dakota meteorite, vi, 259. 

emery in Chester, Mass., ix, 87. 
James, E., obituary, iii, 428. 
Jameson, on ink-plant, vii, 287. 
Jan, G., Prodromo degli Ofldi, v, 465. 
Japan, geoL exploration, ii, 148, iii, 155. 

glass coral of, v, 458. 



414 



INDEX, VOLS. XXXI ^XL. 



Japan, meteorolo^cal record in, iy, 96. 
Jeanretiaudj formula for collodion, v, 419. 
Jenkin, thermo-electric currents in cir- 
cuits of one metal^ iv, 435. 
Jet-d*eau from air heated under glass, yiii, 

445. 
Jewett, £., age of Catskill group, iv, 418. 

Oneida conglomerate, viii, 121. 
Jobard, obituary of, iii, 108. 
JohMotij S. W.y Chancel's method of esti- 
mating phosphoric acid, i, 283. 

soil analyses of geol. surveys of Ky. 
and Ark., ii, 233. 
caesium, v, 94, vi, 413. 
chemical abstracts, v, 115, 128, 283, 
290, 418, 423, vi, 116, 268, 271, 419, vii, 
122.136. 
silica in the higher plants, v, 124. 
alkalimetry, v, 279. 
composition of soils, v, 292. 
nitrogen question, v, 426. 
thallium, vii, 121. 
Leibig's Chemistry, vii, 135. 
Meissuer on oxygen, ozone, and anto 
zone, vii, 325, viii, 18. 
Johnston^ j;, electric properties of pyro3cy 
line paper and gun-cotton, vii, 115, ix, 
348. 
Jomard, E. F., obituary of, v, 261. 
JoneSy T. Ry on fossil Estherise, noticed, 

vi, 277, vii, 140. 
Jotifrtty^H Cours de Droit Naturel, 1, 155. 
Joj/j C. A.J glucinum and its compounds, 
VI, 83. 
on a meteorite from Chili, vii, 243. 
the Chimenti pictures, viii, 199. 
Jukea, J. 2?., variations of earth's surface, 
iv, 439. 
Manual of Geology, noticed, iv, 282. 
Julien, A. A.y Sombrero guano, vi, 424. 
new guano minerals, xl, 367. 
siliceous spicules from Sombrero, xl, 
379. 

K 

Kalicine, xl, 124. 

Kamtschatka, volcanoes of, xl, 272. 
Kansas, geolog:y of, Meek^ ix, 157. 
Karsten^ JT., Floras Columbiae Specimina, 

ii, 289. 
Kaskaskia river basin, v, 232. 
Kennebec R., ice in, Gardiner ^ xl, 20. 
Kennedy channel, fossils from, xl, 31. 
/ I f ( Kentucky geol. survey, i, 294, 460, ii, 118, 
( ' » » 233, 281. 

KerL Handbuch der metallurgischen Hiit- 

tenkunde, ii, 150, vi, 272, vii, 135. 
on Assaying, translation noticed, xl, 

289. 
Keroselene, Storer, ii, 276. 
Keraten^ on detection of nitric acid, vi, 268. 
Xetmelmeyerj Ueber den Ursprung der Me- 

tcorsteine, iii, 292. 
Key West physical notes, Eimt^ v, 388. 
Khanikoffs Persian researches, iv, 362. 
Kiescr, D. G. v., obituary, v, 449. 
KimbaUy J. i*., iron ores of Michigan, ix, 

290. 
iCindberg^ Monog^phia Lepigonorum, vii, 

435. 



Eing^ (7., explorations in Sierra Netada, 

ix,10. 
King^ W,j loss of light by glass shades, i, 

283. 
Kinic acid, reduction to benzoic, y, 291. 
Kirchhoffy analysis of solar atmosphere, i, 

caesium and rubidium, ii, 409. 
solar spectrum, iv, 404, vi, 266. 
Kirkby^ J. W,^ species common to Cv- 

boniferons and Permian, v, 133. 
Kirktoood, /)., Nov. meteors, 1860, i, 189L 
orbits of binary stars, vii, 23S. 
harmonies of solar system, viii, 1. 
planetary distances, ix, 66. 
on analogies of, Trowbridge^ ix, 2S. 
Klotz.**ch, J. F., obituary, i, 461. 
Knobl^Mch, passage of radiant heat tluroufli 

rock-salt, vii, 267. 
KobeUy Gemsbiirt electroscope, vi. 111. 

Geschichte d. Mineralogie, viii, 4201 
Koenig^ sulphate of copper as a preserva- 
tive of wood, ii, 274. 
Kolbey reduction of sulphuric acid by nas- 
cent hydrogen, ii, 412. 

monocarbon and dicarbon acids, viii, 
265. 
Kdky energy of chemical action, ix, 92. 
Krantz'a catalogue of crystal models, r, 
297. 
mineral catalogue, ix, 878. 
Kttatd processes of sold and silver ex- 
traction, noticed, vii, 134. 
Kuhlmann^ tar as preservative, vi, 4O0L 
Kupffer, obituary of, xl, 140. 
Kurile Is., volcanoes of, xl, 273. 



Ladevi-Boche^ Unit^ des Races, v, 270. 
Lake Geneva, height of, viii, JwO. 

Superior, copper range of, i, 359, iii, 
320, iv, 112, vu, 431. 
Lake-habitations in Austria, viii, 439. 
in Bavaria, viii, 4.37. 
Carinthian, ix, 372. 
in Switzerland, iv, 161, xl, 135. 
Lakes, glacial origin of, v, 324. 

Norway, marine crustaceans in, viii, 
293. 
LaLande prize, v, 301. 
Lamdy work of elastic forces, vi, 409. 
Lamy^ thallium, iv, 275, v, 273. 
on thallic alcohols, ix, 220. 
LandoU^ indices of refraction of fluid ho- 
mologous compounds, v, 415. 
Lang on sulphate of thallium, vii, 117. 
Langley^ J. W,^ detection of picrotoxine, 

iv, 109. 
Lartety man accompanied by the reindeer 

in France, viii, 145. 
Larve budding, Wagner on, ix, 110^363. 
IxUrdbe^ R H.. sand hills of Cape Heniy, 

xl, 261. 
LaurenVs Theorie des Series, v, 270. 
Laureniian, see Geology. 
Lautermann^ reduction of kinic to benioie 

acid, etc., in animals, v, 291. 
Lavocatj on cephalic vertebrsB, viii, 298. 
LawnaieTy unpublished memoir by! ii, 9& 
publication of works of, y, 26S& 
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Awrence ScL School, contributions from, 
vil, 346, ix, 68. 

gifts to, ix, 285, 374. 
"WHter-fall, Loomis^ vi, 360. 
tea^ Z, on ^enus Unio, notice of, iy, 451, 
V, U3, vl, 139, vii, 436. 
^ M. C, picric acid a test for potash, i, 75. 
combinations of ammonia, picric acid, 
and metallic bases, i, 78. 
plcramic acid, l, 188, ii, 210, 
estimation of nitrogen, proposed pro- 
cess and acidimetric process, i, 189. 
ethyl bases, production of, ii, 25. 

separation of, ii, ^. 
ttitratc and nitrite of etbjL ii, 177, 
lii, 86. 

urea from ferrocyanid of potassium, 
ii, 179. 
history of picric acid, ii, 180. 
colored derivations of napthalinc, ii, 
211, lii, 229, Tiii, 360. 

compound of ammonia, mercury and 
nitric acid, u, 374. 

reactions of ethylamine and diethyl- 
amine, lii, 80. 

methyl bases and nitrate of methyl, 
ill, 227. 
methlyamine, ill, 366. 
triethylamine, iv, 66. 
aspirator and blower, iv, 245. 
improved retorts, iv, 302. 
relations of chem. equivalents, iv, 387. 
Storer's Dictionary of Solubilities, vii, 
301. 

effect of ozone, etc., on erermination, 
vii, 373. ^ ' » 

distillation of volatile substances, vii, 
877. 

coloration of faded photographic 
prints, vii, 488. 

platinum metals, vUl, 81, 248. 
aldehyde, vlii, 114. 
ozone on insensitive iodld and bromld 
of silver, ix, 74. 
oxalate of ethyl, ix, 210. 
reactions of gelatine, xl, 81, 
Invisible photographic Image, xl, 109. 
liead, concentration or silver in, v, 119. 
oxyd of, Wichmann on, 1, 116. 
In aqueduct pipes, corrosion of, 11, 115. 
In basaltic tufa, i, 363. 
In alcoholic spirits, ii, 114. 
in silver coins, i, 430. 
Lead-salt, corresponding to cobalt-yellow, 

1^226. 
Leavenworth, M. C, obituary, v, 306, 451. 
LeOorUe^ J., Silver Spring of Florida, 1, 1. 
LeConte, Major J., obituary, I, 303, 462. 
Leeoq^a Vie des Fleurs, Iv, 128. 
Lehmann, J. G. C, obituary, I, 461. 
Lgidy*8 Human Anatomy, Ii, 149. 

U. S. Cretaceous Reptiles, xl, 391. 
Lefean^n expedition, lii, ^. 
Leonhard, &!. C. v., obituary, ill, 458. 
Leprosy, treatment of, v, 266. 
Leptoccelia concava, Bominger^ v, 84. 
Les Mondes, noticed, v, 465. 
Ledey^ J, P., Lesquereux^s table of com- 
parative secti<ms, Ii, 281. 

Appalachian region of southern Va., 
iv,4ia 



Lenley^ J, P., Coal-measures of Cape Bre- 
ton, vl,179. 
age of N. J. Highlands, Ix, 221. 
on petroleum in Va., noticed, vii, 149. 
on Mont Alto lignite, noticed, xl, 119. 
Lesley y •/[, Jr., report of coal fields of 

Kentucky, ii, 118, 281. i 

LesquereijiXy L., coal formations of North > 

America, ii, 15, 193, lii, 206, v, 375. \ 

fossil fruits of Brandon, Vt., ii, 855. 

origin and formation of prairies, iz, < 

317, xl, 23. 

botanical report of Arkansas, noticed, : 
I, 431. 

fossil flora and coal in Kentucky, 
noticed, ii, 118. 
report on coal of Indlana< v, 155. ) 
Level, change of, in Green Mts., Seott^ » 

vill, 243. 
LeVerrieTy U,-J.^ planetary system and ta- 
bles of Mars, ii, 222. 
Lewis^ /., on barometer, xl, 233. 
Levois^ J. C.y rain following discharge of 

ordnance, Ii, 296. 
LewiUkyy on sulphocyanld of ammonia, 

vi, 417. 
LiebeUy replacement of hydrogen in ether 

by chlorine, etliyl and oxethyl, ix, 95. 
Liebig^s Chemistry, etc, noticed, vii, 135. 
Liebreich on protagon, xl, 113. 
Li^fert, on redevelopers, vi, 418. 
Light, action of, on sensitive plate, v, 286. 
combination of different tints of, Ix, 
254. 
combustion by Invisible rays, of, ix, [/ 

dispersion by rotation of plane of 
polarization in quartz, Ix, 347. 

production of proto-organisms by, Ix, 
ol, 
field of, In eyes, viil, 441. 
Interference In prismatic and dlffhtc- 
tlon spectra, ix, 218. 
loss of, by ^lass shades, I, 283. 
polarized, instrument to illustrate, 
Siiell, il, 376. 

reflection of, vi, 109. 
through colored media, yeiocomby l, 
418. 
velocity of, lAwering,, vi, 161. 
wave lengths of rays of, viii, 415. 
determined by interference bands, 
vUl, 416. 

of blue indium line, xl, 259. 
of Fraunhofer's lines, ix, 215. 
see farther, Lustre, Spectra. 
Lime, carbonate of, ii, 112. 

in a meteorite, xl, 213. 
determination of, ix, 344. 
estimation of, v, 116. 
phenate o^ into rosalate of, iv, 408. 
separated from alumina, etc., i, 112. 
solution of sulphate of, v, 283. 
LinnaBan Society, notice of Journal of, I, 

443, Ii, 127, 289, ill, 143, iv, 285, ix, 360. 
lAnnamts's Systema Naturae, reprint of, xl, 

395. 
Urmenumn^ cyanid of sulphur, ili, 271. 
Linncufy on redevelopers, vi, 418. 
Linum, dimorphism in, Darwin, vl, 279. 
UppincoU^KB.^ climate near water, Ix, 87SL 
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Liquids, atomic constitntion of, tI, 309. 
iW, pi^ iron containing copper, i, 115. 
Lithium, as pliospliate of lithia, iii, 416. 

In hot springs, viii, 447, ix, 13. 

in meteorites, iii, 273, iv, 407. 

8i)cctrum of, iv, 407. 
Litholo^y, I£u7tt, vii, 248, viii, 91, 174. 
iiWrofo'* spectroscope, v, 413. 
Livingstone' 8 explorations, iii, 262, iv, 89, 

vii, 87. 
Zato, Diptem of Amber fsiuna, vii, 805. 
Lonoerithaly on dyeing mordanted cloth, i, 

Logan^ T. Jf!, meteorol. observations, Sac- 
ramento, 18fi0, ii, 147; for 1861, iii, 293. 
Logatiy W. £'., track in Potsdam, i, 17. 
Quebec roelss, fauna of, i, 216. 
a^e of, iii, 105. 

and copper-bearing rocks of L 
Superior, iii, 320. 

at Point L6vi, with catalogue of 
fossils, vi, 366. 
Laurentian fossils, vii, 272. 
geol. of eastern N. Y., ix, 96. 
Reports of Canada Geol. Survey, no- 
ticed, i, 122, V, 134, vi, 428, ix, 224. 
London Exhibition, 1862 ; Report of Class 
I, noticed, vi, 273. 

Geol. Soc, Anniv. address, noticed, 
vi, 278. 
Longitude, Bureau of, reconstructed, iv, 

125. 
ZoomtA, JS.y auroras of Aug. and Sept., 
1859, and auroras generally, ii, 71, 318. 

coincidence of Aurora Borealis and 
Australis, ii, 81. 

astronomical notices, ii, 132, 291, 438, 
iii, 144, 288, 4a5, iv, 292, 430. 

electric currents and auroral beams, 
iv,34. 

Everett's method of reducing tem- 
perature observations, v, 31. 
Yibniting water-falls, vi, 352. 
Astronomy by, noticed, xl, 140. 
Louisiana, salt mine in, vi, 308. 
Zoverinf/^ /., velocity of light and sun's 

distance, vi, 101. 
Lubbock^ /., lake-habitations of Switzer 

land, iv, 161. 
Lubbock, J. W., obituary, xl, 288. 
Lucemaria, Clark, v, 346. 
Lucernariae, Prodromus of, Clark, v, 459. 
Lunar systems of planets, Hinridik, ix, 

276. 
Lustre, Brewster^s theorv, i, 342. 
Dove's theory. Hood, i, 109, 339. 
production of, in monocular vision, i, 
343. 

without use of lustrous surface 
or stereoscope, Hood, ix, 260. 
Lvther^s rediscovery of Calypso, iii, 435. 

elements of Melete, iv, 430. 
Luynea, Due de, expedition of, viii, 148. 
LyalVs Botany of Brit. America, vii, 287. 
Lyceum Nat. Hist., N. Y., Annals, viii, 152. 
Lyell^ C>, Address before Brit. Assoc, on 
min. waters and metamorphism, ix, 13. 
Antiquity of Man, by, noticed, vi, 
125, vii, 432. 
titl« of baronet to, viii, 301. 
iMman^ CL S.^ caauouAding heard 125 
miles, iii, 154. 



Lyman^ /, trigonometer of, iv, 167. 
Ijyman^ 21, on Ophiuridse and Astrophy' 
tidse, noticed, xl, 283. 



MeChesney'^i Fossils from Western States, 

ii, 122, xl, 116. 
McClintock^H Arctic soundings, i, 57. 
McCurdy^ H. Z, Chancel's method of es- 

timating phosphoric acid, i, 281. 
Macfariane, manufacture of Na, CI, etc, 

vi, 269. 
Mackay, J. T., obituarv, v, 449. 
McMillan, S, B., rainfall in Ohio, ii, 296. 
Magellanic premium to F. £. Chase, ix, 

114. 
Magenta from coal-tar, l^kin, ii, 27L 
Magnesia, crystalline hydrate of, ii, 91 
salts, with carbonate of ammonia, t, 
115. 
separation from iron, etc., i, 112. 
Magnesium, vi, 114. 

light, vii, 440, xl, 287. 
Magnetic declination influenced by gray* 
ity, ix, 312, xl, 83. 

moon, i, 98. 
deflection during auroras, il, S37. 
force at St. Helena, disturbances io, 
ix, 316. 

horizontal component of^ iv, 261, 
873. 

moon's influence on, iv, SSL 
inclination, Chcue, xl, 166. 
observations of mission to India and 
High Asia, 1854 to 1858, ii, 800. 

period depending on sun's rotation, 
MmrichSy viii, 420. 

solar diurnal variation and annual 
inequality, i, 197. 

survey of Pennsylvania, etc., Backe, 
V, 359. 
Magnetism and gravity, relations of, ix, 
312. 

terrestrial, a mode of motion, Chate^ 
ix, 117. 

dependent on atmospheric cu^ 
rents, vhi, 373. 

periodic changes in, viii, 269, 430. 
Magnus, heat in gases, ii, KM. 

constitution of the sun, viii, 106. 
on condensation, viii, 109, 110. 
Mdhla, K, polarizing powers of American 
oil of turpentine, ii, 107. 

berberin in Hydrastis Canadensis, iii, 
43. 
hydrastine, vi, 67. 
Maier, J., binoxyd of lead and sulphuric 
acid on hippuric acid, ix, 208. 

adulteratiou with oil of turpentine, 
ix, 273. 
Maine Board of Agriculture, Report, iii| 
452. 
Geol. Report, vi, 274. 
glacial action in, DeLatkiy vi, 274, vii, 
335. 
Morsels Pulmonifera of, viii, 303. 
Maize, paper from, viii, 299. 
Mammals, fossil, see Gbologt. 
Man, Antiquity of, Lyea\ vi, 125, vii. 438. 
flint implements of, etc, in finguoid, 
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^(an, stone implements of, in India, yiii, 
443. 
factory of flint implements of, viii, 

fossU, at Abbeville, vi, 123, 403, viU, 
297. 

remains of, In bone-cave, Borneo, viii, 
148. 

Holy Land, viii, 148. 
in caverns of Bruniquel and 
Gibraltar, viU, 281, 282. 

in cavern in Pyrenees, viii, 
277. 

of a^e of stone, in France, xl, 
185. 

skulls of, in Belgian bone-cave, ix, 223, 
xl, 136. 
with mastodon, in Cal., viii, 264. 

reindeer, viii, 145. 
see fnrther, Lake-haJbiiations. 
Mandnn Indians and their language. Hay- 
den^ iv, 57. 
Manganese, ammonia picratc of, i, 85. 
amount of, in iron, v, 120. 
separation of, from cobalt and nickel, 
GibbK, ix, Sa 
from alumina, magnesia and lime, i, 

sesquioxyd of, optically distinct from 
hypermanganic acid, vii, 408. 
Manna lichen, viii, 442. 
Manross, N. S.. coal and iron in Mexico, 
ix,S09. 
obituary, iv, 452, 
collections of, for sale, vi, 158. 
Maramec river basin, v, 232. 
Marcoft^ rocks of Vermont and Canada, 
iii, 281. 
geoL of Nebraska, Meek, ix, 157. 
Marcoy^ Scenes et Paysages dans les An- 
des, iv, 129. 
Jdarctts. new thermo-electric battery, xl, 

257. ^ 

MarignaCy analysis of borates, v, 418. 

on tungstates, vi, 113. 
Marmier^s En Am^rique et en Europe, i, 

155. 
Mars, tables, etc., of, LeVerriery ii, 222. 

Hennes^ on, viii, 435. 
Marshy B. V.. aurora an electric discharge, 
i,3U. 

J)e La Hive on, iii, 294. 
meteors of Aug. 1861, ii, 448. 
of Dec, 1862, v, 302. 
luminosity of, vi, 92. 
features of comets, iii, 89. 
Marsh, 0, (7., gold of Nova Scotia, ii, 395. 
saurian vertcbrse from Nova Scotia, 
• la, 138, 278, iv, 1. 

mineral localities in New Brunswick, 
etc., V, 210. 
science of International Ex*n, v, 256. 
fossil Annelid, viii, 415. 
Martens, M., obituary, vii, 288. 
Martin, human remains in Pyrenees, viii, 

277. 
MaHius'sTloTf}. Brasiliensis, ii, 289, iv, 288, 

vi, 130, vii, 283, ix, 360. 
Maskelyne, JV, 8., aerolitics and Butsura 

meteorites, vi, 64. 
MBUtermariy a., meteors, Jan. 1863. y, 149. 
briUiancy of Mint Ceti, y, 150. 



Masterman, S., zodiacal light, vi, 143. 
variable stars, vi, 144. 
death of, vi, 314, 448. 
Mastodon, see Geologt. 
Mathematical theory of homologous se- 
ries, ii, 413. 
Mattiestsefi, new unit of electrical resist- 
ance, ii^ 105. 
Maumene, oxygenated beverages, iii, 116. 
Maury^s Sailing Directions, etc.. Report of 

National Academy on, vii, 447. 
Mauve, Bsrkin, ii, 268, vii, 413. 
Mayei' and Plerson, La Photographic, v. 

269. 
Mayer, J. JR., celestial dynamics, vi, 261, 

vii, 187, viii, 239, 897. 
Measures, metric system of, v, 302, viii, 

446. 
Mechanical energy of chemical action, 

JTo^A;, ix, 92. 
Medical Chemistry, JBovifnan''s, vii, 302. 
Science, WelWs Summary of, ii, 303. 
Statistics of U. S. Army, i, 60. 
Medusae, A, Agassiz on tentacles of, no- 
ticed, V, 300. 
Meek, F. B., goniatite limestone of Rock- 
ford, Ind., ii, 167, 288. 

reply to Marcou on roclts of Texas, 
ii, 278. 
ActJfionidsB. v, 84. 
Pteriidffi, vii, 212. 

review of Marcou on geology of Kan- 
sas, &c., ix, 157. 
new genus, Erisocrinus, ix, 173, 350. 
fossils from Kennedy Channel, xl, 31. 
check-list of Miocene invertebrate fos- 
sils, notice of, ix, 358. 
Me£k ik Haydeii's Nebraska fossils, no- 
ticed, i, 126, iv, 137. 

palaeontology of Upper Missouri, xl, 
271. 
Meek & Wortheri's description of- new 

species and fossils from 111., i, 125. 
Megasthenes and Microsthenes, Dana, vi, 

8,338. 
Meissner, ozone, etc., vii, 325, viii, 18. 
Melanians, Stimptton, viii, 41. 
Mercury, cyanid of, salts of, iii, 121. 

nitric acid and ammonia, compoimd 
of, ii, 374. 
3ferrif:k, J. M., Jr., nitroglycerine, vi, 212. 
Merz, colors of flames, i, 105. 

solar spectrum, v, 413. 
Metal, new, alkaline, Bunnen on, i, 105. 
fusible. Wood, iii, 276. 
in platinum, Chandler, iii. 351. 
Metallic lustre, Dove's theory OL i, 109, 
339. 
painting, (htdry on, v, 264. 
spectra, colored rays of, iv, 407. 
Metallurgy, KerVs, ii, 150, vi, 272, vii, 135. 
I^r^\ V, 118, vui, 149. 
in England, by Oruner <fb Lan, vi, 
273. 
Metals, new mode of reducing, viii, 267. 
solutions of, phosphorus on, iii, 328. 
Metamorphic rocKS, chem. and min. re- 
lations of, Bunt^i, 214. 
of Michigan, KimbaU, ix, 290. 
Metamorphism of conglomerates with 
gneiss, talcoM schists, etc., EUchcock^ 
1 1, 873l 
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MetamorphUm, local, ffunty viii, 183. 
throujjh niineral waters, Lyell^ ix, 22; 
Hunt, ix, 176, xl, 43, 193. 
Meteoric fireballs, sec Shooting stab. 
iron coDtainiu^ nitrogen, Iv, 213. 

of Rutherford, (so-called), iv, 298. 

sec under Meteorites. 
rin<j:s, Ticining, iii, 2i4. 
stone, from Richland, S. C, iv, 298. 

Waterloo, N. Y., iv, 29a 
Meteorites, Buchner on, noticed, vi, 445. 
Oregon catalogue of, iii, 291. 
Kesiselnieyer^tty iii, 292. 
Shep^ircTiiy i, 456. 

Haidinger'x researches on, ii, 135,440, 
iv, 152, VI, 150, viii, 424, xl, 134. 

rules for observations of^ ii, 443. 
lithium and strontium in, iii, 273, iv, 
407. 
of Arkansas, Smithy ix, 372, xl, 218. 
Atacuma, vii, 243, viii, 386. 
Australia, ii, 441, 442, iv, 155. 
Bengal, Haidingery xl, 134. 
Bishopville, iv, 297, viii, 225, 435. 
Butsura, Maakelyney vi, 64. 
Calcutta, ii, 141. 
Copiapo, viii, 424. 
Daicota, JacksoUj vi, 259. 
Guenisey Co., O., Smithy i, 87. 
Hindostan, i, 302, ii, 135, 141, ii, 401. 
Hnischina, ii, 135. 
Lincoln Co., Tenn., Smithy i, 264. 
Nebraska, ii, 146. 
Newstead, Genthy vi, 149. 
North Amer., Rammehhergy iv, 297. 
Oldham Co., Ky., Smithy i, 151, 265. 
Orgueil, ix, 230. 

Robertson Co., Tenn., i, 151, 266. 
St. Louis, iv, 443. 
Sarepta, vi, 150, viii, 424. 
Tucson, vi, 152, 301. 
Tula, ii, 144. 

Wayne Co., O., Smithy viii, 385. 
Meteoroids, Newtouy ix, 193. 
Meteorological bureau in Prussia, xl, 288. 
record at Kanagawa, Japan, iv, 96. 
UariiMiXy Hildrethy 1860, i, 252; 1861, 
iii, 216 ; 1862, v, 181. 
Sacramento, 1860, ii, 147; 1861, iii, 



Toronto, ix,115. 

U. S. Nav. Observatory, by OillisSy 
noticed, v, 146. 
Meteorology, association in France for 

advimcemcut of, ix, 83. 
Meteors, see Shooting Stars, Meteor- 

ITE.H. 

Methyl bases and nitrate of methyl. Lea, 

iii, 227. 
Methylamine, Zca, iii, 366. 
Metric system, v, 302, viii, 446. 
MeiteuinHy on Ferns, noticed, i, 133. 
Filiccs Horti Lipsiensis, i, 134. 
Mcuniery De TOrf^vrerie Electro-Chim- 

ique, iv, 129. 
Mexico, coal and iron in, ix, 309, xl, 124. 
note on, DanUy ix, 358. 
tin in, Chandlery ix, 349. 
Meyei'y H. voiiy Jurassic feathered verte- 
brates, V, 129. 
Palaeontographia, viii, 428. 



Jfeytiy x>eat«8andBtoiie, v, 123. 
Miamhi Bronsoni, vii, 34, xl, 268. 
Michadisony on bragite, vii, 272. 
on radiolite, etc., viii, 274. 
Michaux's Plants, etc^ Brunei on, yii,286. 
Michigan, drift materials in, WineheUy xl, 
331. 
geological survey, ii, 303. 
iron ores, KimbaUy ix, 290. 
mastodon in, yiii, 223. 
petroleum in, Winc7i/dl^ ix, 850. 
rocks and cephalopods of, iii, 352. 
saliferous rocks of, iv, 307. 
Microscope, growing slide for, Smithy xl, 
241. 
illuminator for, xl, 288. 
limit of vision and resolving power 
of, i, 12. 
mounting insects for, Viekers, vi, 157. 
objects, Bavies's work on, ix,374. 
polarizing, Bea Cloisectux on, noticed, 
xl, 261. 
Tolles's binocular, viii. 111, ix, 212. 
Wenham^s binocular, i, 110, viii. 111. 
Microscopic anatomy of spinal cord, Bean 
on, ii, 302. 
formsj investigation of, Sood, ill, 65. 
orgamsms in homstone. White, iii, 
385. 
photography, Boody ii, 186. 
vision, diffraction in. White, iii, 377. 
Milan, civic museum, iii, 151, 441. 
Milk, Midler on sweet fermentation oil i, 

428. 
MUleTy Ky meteors, 1860, i, 138. 
Miller y W. A.y photographic spectra, il, 
408, vi, 103, viii, 107. 
spectrum of thallium, viii, 107. 
analysis of hot spring, viii, 447. 
spectra of fixed stars, xl, T^. 
chemistry by, noticed, vii, 414. 
Millei'y W. H.y crystallography by, noticed, 

vii, 148. 
MiUoUy on reduction of silver waste, vi, 

417. 
Mimetic analogy in Lepidoptera, BcUeSy 

reviewed, vi, 2i85. 
Mineral catalogue, Krantz'Sy ix, 373. 
comptoir, ScemanrCsy ix, 372. 
localities in N. Brunswick, N. Scotia, 
and Newfoundland, Marshy v, 210. 
oil, see BstroleuTn. 

products of Great Britain and Ire- 
land, V, 288. 

of Italy, iii, 153. 
waters, see Water's. 
Mineral ogical museum, Rochester, N. Y., 
iii, 449. 

notices, notice of Hessenberg*Sy viii, 
427. 
Mineralog3% Dana^s, Ninth Supplement to, 
Bnifihy ly 354; Tenth, iv, 202. 
/>e.s CIoizeaux\% v, 293. 
von KobelVs Hist, of, viii, 426. 
Minerals. — 

Acniite, i, 357; Adamsite, iv, 216; iEgi- 
rine, vii, 407; Akanthite, i, 3.57; Albert- 
ite, ix, 267, 356 ; Albite, i, 357 ; Algodon- 
ite, iii, 192, iv, 203, 223; Alisonite, iv, 
204 ; AUanite from Swampscot, Mass., 
iv, 204; from Franklin, N, J., iv, 204; 
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HlSBtiALS, notices of :— 

Aluminitc. i.S.'i;: Alnnite, W, 204; Am- 
blviTctnite, from Maine, iy, S4S ; Amiui- 
OUte, l,S57;Anatiise,arHflcUil,¥iii,4a4; 
Anitleelte, iv, S&4 ; Antlmonlal nracnlc, 
111, lao, iv, S(K; Antlmanv, dimorphlBiu 
otl, I9l,vil,405; In N.Branswicfc, v. 
150 : AdCozohIIC It, 311 ; Apatite, i, 353 ; 
ApbroHiderile, Iv, 206 ; Aporhjllito, It, 
aS; AnEoxcne,¥ii,a70; ArBenical-BDll- 



K;i.._,_._ 

olUe, lii, 190, iv. sao. 
BmqIIK, i, SOT; Batmdiice. 

i. 858; Bihnrile, Iv. SOS, , .., 

205; Borncite, iv, 205 ; Boronntropaldtc, 
11, 9, Iv, 206; Bounioiiitu, iT, 2D6;Bra- 
KltSiTli, »73; BraokllG, artiHclol, viil, 
4M ; Bmclte, 1, 958, 11, 94, iv, 30H ; Brtiiih- 
iie, Moore, ix, 43 ; Dana, Ix, U ; Jutlen, 
xl, •%!) ; BucboMic, i, 367. 



Is, 841* C irami c v 207 Chi 
Iv, 207 Ci Idrcnit vi, 1*. S57 3S8 
ChlBdn te V 297, vl i 225, «5 OLlo 
rite of Monroe \ T I 208 of Web 
Bter N C Iv 208 BTonp Rn le vli 
831 CI lorito a l,m te ChrvEOrol 
la, It aia Cbnsolitc i 35» iv, 208 
aDdnaineraUfromit alteration 11 IN 
Chryjiot I 31 7 C nu h o 
Iv, a08 Co umbl Bore v 4 
117 Copapi iv "05 (oppe 
" "'" ' "^ "-- dorlil e C 



14t): tjoid of Ciilifornla, Sailmaat, zl, 1 ; 
of Nova StDClo, 11, S95, Iv, aia, vlii, 104 ; 
Gothite, vli, 271 ; Urupliite, 1, 861 ; Gnist- 
iie, ftacss, vU, *« ; GyrollHi, Mbib, II, 
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S8 i 201 Cor 
xl 1" 
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871 DiMiie I « 
CheBter xl 112 1^ U 
117 funiace prodn J! ! : 



Emei7 Chester Maes Ix 87, xl 11 
Bngelhardite iv AA Epiaotc 
Jtl,l»7 Iv, ail EsmarklW eo 
vlii S77 Eudldvte, vli 407 £ 
Chile vii ST) 

FanJaBlte, 1 860 Feldepar I 360 v I 
reivtiEoiilte i 360 Flbroilte i dti 
Plpfitelte, V ill FluorlVom WolsBO 
aorf Iv Bil ForcliErite,vll[ '^7 Four 
net te 1 368 Freieal ben te tv 311 

Oulena, octabedrnl v 136 ao- iillrdpacn 
, domorpba af er oyromorphllfc, I 311 
GanisiKraditu v 313 Gan et, 1 306 
Sao Iv 212 V 1, 277 sJ, II Goradortf 
Ite 1 361 atbbslle, 1 355 381 GiesDi.k 
He 1 361 blanberite, iv 313 QIbucod 
Itu In 8 larlaa Jfud li 27? Oloase 
collitD iv 12 Gmel te 1 361 Gold 
i, 361 ^we uId tlon of U iV7 KaOx 
on BTtnictlng 1^4 pcBudomorpl 

after aikinllc Id 160 iv "l* of Au 
tralia v 13 ofBnlshCol ubla in 



Hnllbys'lte, iv, 212; Harmotome, i, 301; 

Harrlalte, i, 862, It, 20U: Haiiyne, i, 363, 
iv, 318 ; Heit)-pliaiic, vlii, 376 ; HtuJnnd- 
Ite, 1, 363; Hjeiultte, I, 303; Bluibeere- 
path, 1, H60: Hornblende, It, 313, viii, 
116 ; Homcsilo, 1, 363: HydromBgncaite, 
1,363. 
nmenlte, iv,213; lollie, Iv, 313 ; Irite,iv, 

213. 
Jade iindjiideile,vl, 436. 
Knuimertrite, iv, 314, vii, 321 : Kaolin, I, 
Viea; Ktniiiioliallte. i, 363; Kerulite, ill, 
303, iv, aH; Kieaerite, Iv, 314; Klscb- 
timilc, V, 437; Klachtini-FartBlt, T, 1S.T, 
Kobdiite, vlii, 116; KokBcharovile, Till, 
275; Kiluleinite, iv, 314. 
Labradoritt 1,363, iv,214; Lantbanoeerite, 
h 2U iLflj la Lnzuii, 1, 363, Iv, 315; 
Ua on i e sllered ir, 31S ; Lu^nlite, 
Iv 21 Lcoimrdite atraeporpbyry.iii, 
1 17 Lei dolit 1 21 ; from Maine, iv, 
'16 WH Loucltc 363, Iv, 315; Llbe- 
hcnlt 1363 Li bonerlte, 1,363 ;LieT- 
rite i 315 L nante iv, 315 ; Loewlg- 
ie V '^5 

1 lied 1 om Ftitarhthnle, iv, 

d t* from Derby, Vl, iv. 

Hill Irulnnif, iv, 316; 

16 MasengniDe, i, 364; 

361 Melanhydrite, 1,364; 

4 Metabrushitc, %\, 371; 

116; astcriem Id, v, 

i 364; Millerite, 111, 

M nazlc iii, 204, iv, 317; 

07 Monticellite, i, 364. 

Nngya^te, iv, 317; Na- 

BenjFcnUiU, N. J., 1,365; 

, N 111 u 365 

J Opul Iv "17 Ornlthlte x\ 877; Orlhito 

; I from Miiaa , .So A Hi 348 ; Ortbitc-iike 

J I n n -Iii 275 Orthooiaee, iv, 317; 

T nl vlii 93; OttreUle, i, 

P mn vli, 359 ; Panidoi- 

P ralogice, I, 367 ; Peetol- 

pBlla,l,36S,FboieHte, 

Fl unoiilc, Suni, vili, 101 ; 

to I aw; Phyiilte, 1,358, 

i; Iv 318 Plnitofd,i,3a6;Pi- 

B6 Plan nte, Tiu.a76:Flati. 

I mLtnt in, ill, '351 ; with 

■ 318 Pollux, Till, 115 ; 



:, I, ! 



1, 366; 



ranlitc iv l** PTroxene,l,366,vlii,118. 

QmrtE bn rci of Nova Sculin. -viii, 104; 

E hn i 426 Qui kaUver in CaL, 

St i a va 

LuUoi <: HI 374 Rostolyte, iv, 208; 
Rh don V 219 RocsBlorite, iv, 320 ; 
Ru U 3H( art flcial, viii, 434. 
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HnniBUA Dotleei of :— 

Suniiraklle, vlli, STB; BaraolitB, 1, 386: 
Scapollle, I, sea, Till, 377; Scheolite, Iv, 
830; dcheffcritc, Till, 274: Senarmont 
lie. Til, 407 ; SBrpuntlnii, 1, 307, lU, 301, 
S03,iT,3^; SexauKulite, It, 212; Bl« 
KCDlte, Till, IIT; SUniiii, American, xl. 
lid; Silllmuiile, l,3H7; SilTer, a pseu 
domorph of, after Stephanlte, I, S6T ; 
Bkolopsile, Till, 118: SodnHte, 1, 867; 
aom()rerite,yi, *ia; BparUlte, ii, 174 
SplnnirilB, It, 334; Suhiol, It, 230, 
BusafunhUe, It, 305; suiorotide, ill, 
198, It, 3*. Tlli, IIG; StlblconlW, W, 
E07; SllblitB, Til, 407; Blllpnomelar" 
1, 368; STCDite, Sunl, Till, SM; Syt 
drite, El, 110; SoUbeljite, It, iSl, tU, 
871. 

" :lV _ 

, 333: TellurbiiiQUlh from 
Georeia, v, U»; Teplirulte, Brviih, Tii, 
U; TetnidjmiDo, i, 388; Tctrnhedrite, 
1 368, It, 333: TeirtlilB, ii, 94, '" "" 
'rio in lUoobollc Bplrtta, 11, 114; in .uti- 
Ico, U, tti9: Tinstone, tU, 338; Topai, 
1», 333; TourmftUne, vlll, 116; TracliytH, 
Sunl, Tiii, H5; TroiiiolUe, -ilii, 117; 
Trtpliyline, eiealani In, III, 374; ftom 
Norwich, Haas., It, 40i; Trlullte, 1, 
369; TriComlW:, Iv, 233; TungaCen, »li, 
407. 

Uninlte, It, 333; UranopbaDe, I, 369. 

Vanadlnile, Til, B70; Vennlculice (?), 
Briah, 1, 309; Vivlnnlte, TilL llT. 

WHeUe, Iv, 307; WbltQeylte, i, 370, 111, 
191, It, 333; Wohlerite. 1, 371; Wol- 
fram, L 371, It. 333; Wolluslonite, iv, 
333; Wurtiitc, iv, aU. 

Xenolite, L 367. 

YHroUnlalito, t, 371, It, 234. 

Zengite,xl,873; Zinclte, 1, 371, It, 234; 
Z&cou,iT,S34; ZoUlte,trlclinic, 1,371; 
ZwlBsoiile, TflrietT of trlpUce, 1, 871, 

MlDcMl^ Alger's utblnet of, Till, 301, 1: 
331. 

MlalDK nnd Smelting Maeazlne, t, 2.S9. 
Blatlitles of Ort. Brit., ISM, il, Ssa 

J/lnt.r, H: a, Wrtgner on brain of mn 
aai moiikuy, Iv, 197. 
new apeciea of Totnopterls, It, 439^ 
flssion in aomo annelids, v, 35. 
larvc-buddins, is, 110, 363. 

MIocuae sUell't uf Atlantic elope, cat 
iojfUB of, Cvnnid, noHoert, t, 4is. 

^iqael's Journal de Botonliiue Mcerlaod- 
aUe, ill, 140. 
Aunalea Muacl Bot., tH, IBI, 

Miuissippl, HlU^ard's Guol., etc., of, 11, 



uitya auu jtrui^iAja vi iruu, viu, tiv. 
Mltecherlicb, E., obltnu? of, vi, 451. 
MUten's Briu Ainerlaili BrjolMT, vUl, 

391. 
Meg^ InmlnoalCy of phoaphonis. It, 487. 



Ill, l&l, ¥, iM, H, lO, in.. 

tabular vluw of, v, 3111. 

vallcj, eartUquakea in, il, 373, 
HlBBOuri, see Upptr Miitoari, 
Mltehel, O, M., obituary of. It, 4.'!il. 
laUnhea, »., on double stars, vl, 38. 
MUchiU cb Minhuam, on respiration of 

Cholonia, reviewed, tI, 14L 
JUlKhevlicK, A., on spectral analysis, Iv, 



Molybdenum, Sraia.'* test fbr, tI, 3f 
Uonubromldof elbTlene, Into a 

II, 414. 

Monte Rosa, ascent ot, Tainiiig, 111, 443. 
Moon, declination of needle inOneoccd 
by, 1, 98. 

borlzontal magnetic force InDuetKCd 
by,lv,381. 
Bfie of Bur&ce of, JfownyUi, Ir, 113. 
li^bt of, compared with Veniu, xl. 



xl, 3* _. 
Motion of flnlds and eolids relotlTC to Dm 

earth's snrGice, liirrd, I, 27. 
Mount Cenie, coal in Alps of, viil, 123. 
■ of, 11, 101, 111, 439, il, 13& 

.. eries, lii, 433, vii, 147. 

Mounlalu system of the Appalacblani, ' 
ffiiyo(, i, 157. 1 1 

iiiammii'a spectroscope, Ii, 105. 
ifalder, determination of carbonic acid 

organic analyala. Hi, 415. 
Mailer, A., sweet fermentation of milk, I, 
428. 
composition of soils, v, 392. 



Tiii, 30.5. 
Mailer, C, continuation of Walpera' Ana 

Botan, ajstem.. Ill, 140, xl, 136. 
IfiUler, F., Flora Australiensis, Ti, 290, ii, 

110. 

Plants of Victoria, notice of, tU, 286. 



bodies. It, 133. 
Mailer, J., wave lenMhs of epectral lines. 

Til, llfi, xl, 359. 
Mailer, M., Selonee of Language, ill, 300. 
Marehiiun, IL I., progress or geolt^, 

teVmlnn of Eu;(land, vlll, 287. 

on the drift, noticed, ix, 35S. 

medal to. Till, 14.^ 
MuBoovy duck, vlli, 394, 
Museum of Bologna, Florence, Milan, 111, 



MUsset, HetSrogSnIe, t, 270. 
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Naphthaline, colored derivatives of,ii, 211, 

iii, 229, viii, 360. 
Narcotic, bromid of potassium, viii, 267. 
ycusrnyt/iy «/"., sun's surface, iv, 437. 
a^e of moon's surface, ix, 112. 
National Academy, see Academy. 
Almanac, v, 455, vii, 448. 
Observatory, see ^'aval. 
Natural History Keview, ii, 130. 
Naturalist's Directory, notice of, ix, 874, 

xl, 142. 
Naval Observatory, ii, 148. 

Gilliiss^s observations at, v, 146. 
Nebraska explorations, iv, 99. 
forest trees of, ii, 165. 
fossils. Meek and Hayden on, 1, 126, iv, 
137. 
geol. of, Meek^ ix, 157. 
leaves, age of, i, 435. 
meteoric iron, ii, 146. 
Nebula, disappearance of, iii, 436. 

in Orion, v, 102 ; spectrum of, xl, 133. 
Nebulae, double, v, 109. 

recent researches, Qautier^ v, 101, vii, 
198. 
spectra of, Huggins^ xl, 77. 138. 
variable brilliancy of, v, 107. 
Nebular hypothesis, Trowbridge^ viii, 344 
ix, 25, 113, 363. 
Minric?is, ix, 46, 134, 276. 
Nebulous matter, invisibility of, D. Troto- 

bridgcy \ii,2i0, 
Jifesbit, estimation of NO5. vi, 116. 
JN^evada geol. survey, xl, 273. 
jN. Brunswick, antimony in, v, 150. 
fossil insects of, ix, 357. 
geol. reports of, ix, 856, xl, 142. 
mineral localities in, Mamhy v, 210. 
N. Jersey, age of Highlands of, ix, 221. 

Cook^s Geol. report of, ix, 3.59. 
N. lijexico, Report on mines of, xl, 391. 
New York, Amer. Inst, of. Report of, xl, 
142. 
^/ / Eastern, geoL of, ix, 96. 

geol. survey, i, 125 ; see also, J. Hcdl. 
Medical Journal, ix. 375. 
Regents of Univ. or, report, i, 292, ii, 
480, Si, 279, iv, 418. 

Western, ancient works in, by CJueney^ 
U, 149. 
N. Zealand, Hooker's Flora of, ix, 8.59. 
JSaast on geoL of, noticed, xl, 143. 
exhibition at, 1865, viii, 300. 
Newberry^ J. >f>'., Amer. fossil fishes, iv, 73. 
on Ohio flora, noticed, i, 130. 
on fossils of N. W. boundary, noticed, 
vii,l48. 
JBeer^s reply to, i, 435. 
Newcomb^ /&, vision through colored me- 
dia, i, 418. 
Newfoundland, heather In, iii, 22, viii, 122, 
428, ix, 228. 

mineral localities in. Marshy v, 210. 
Newstead meteoric iron, vi, 149. 
JVewton, H. J.., shooting stars, Nov., 1860, 
i, 137: Aug., 1861, ii, 448; Aug., 1868, 
▼1, 302 : Nov., 1868, vii, 141 ; Aug., 1864, 
vUi, 482 ; Nov., 1864, ix, 113 ; Aug., 1865, 
xl,284. 



Newton^ H. A, Aug. meteoric ring, ii, 449. 
meteoric fireballs of Aug., 1860, iii, 
388. 
Quetelet on shooting stars, vi, 145. 
procession and periodicity of Nov. 
star shower, vi, 800. 

original accounts of Nov. star shower 
in former times, vii, 877, viii, 58. 
altitudes of shooting stars, viii, 185. 
of Nov., 1868, xl, 250. 
Wilcocks on Ether in Solar System, 
ix,114. 
on shooting stars, ix, 198. 
height of auroral arches, ix, 286, 871. 
duration of flight of shooting stars, 
ix, 370. 
Nichohy J. A.^ pot-holes near Poultney, 

Vt., xl, 264. 
Nichols^ J, JL, corrosion in lead pipes, ii, 

115. 
Nickel, electrolytic precipitation of, as a 
method of analysis, ix, 64. 
separation of, from cobalt, etc., ix, 58. 
Nwkerwn, L., periodic action of water, ix, 

151. 
Xi4;klhy i7., correspondence of, i, 266, ii, 
95, iii, 108, iv, 120, v, 260, vi, 398, ix, 79. 
brittleness of semi-metals, ii, 416. 
changes in wine, v, 250. 
solubility of sulphate of baryta in 
sulphuric acid, ix, 90. 

Les electro-airaants et I'adherence 
magnetique, noticed, ii. 111. 

Isomorphism entre les M^taux des 
Groupe de I'Azote, iv, 128. 

Theorie Physique des Odeurs et des 
Saveurs, v, 270. 
on wasium, noticed, vii, 116, viii, 419. 
Nicotine, quantity produced, ii, 454. 
Niger, valley of, iv, 98. 
Nile explorations, iii, 259, vii, 75. 

inundations, cause of, i'ijn'e?, v, 62. 
Niobic acid, vii, 118. 
Nitrate of ethyl, ii, 177, iii, 86. 
iron, OrdwaVy xl, 316. 
methyl, iii, 227. 
Nitric acid, ammonia and mercury, com- 
pound of, ii, 374. 
detection of, vi, 268. 
estimation of, vi, 116.- 
Nitrification, v, 118, 263. 

history of the theory of, v, 271, 409. 
Nitrite of ammonia, atmospheric, v, 428. 
formed under heat, v, 118. 
of ethyl, ii. 178. 
Nitrogen, Hunt on, ii, 109. 
determination of, vii, 850. 
excretion of, in animals, vi, 271. 
estimation of, Lea^ i, 189. 
question, Johnmriy v, 426. 
series, polyatomic bases of, i, 420. 
Nitroglycerine, inhalation of, vi, 212. 
Nitronapthaline, coloring matters from, 

ii, 211, ui, 229. 
Nitroprussid of sodium, action of light 

on, vii, 408. 
Nitroso-phenyline, il, 417. 
Nitrous acid, ii, 109, v, 268, 271, 409. 
Nobert^s test-plate, HuUivarU and Worm- 
leu, i> 12. 



Nomenclature in Nat. Hist., Oray^ vii, 278. 
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Nortbera at Key West, Bunt, y, 893. 
Northwest Bouudary Survey, iv, 99, y, 289, 

Yii, 148. 
NoiHony W, A., dimensions of Donati^s 
comet, ii, 51. 

molecular physics, tIU, 61, 207, Iz, 
337, xi,61. 
Nova Scotia, Davidaon^^ Brachlopods of, 
vl,277. 

Carboniferous Flora of, Dawson^ yU, 
419. 
glacial action In, SUliman, yU, 417. 
gold of, il, 395, iv, 212, vill, 101 
gypsum of, natro-boro-calclte In, li, 9. 
mineral localities In, Marnh, y, 210. 
Saurian remains, iii, 13:^, 273, Iy, 1. 
Silurian rocks of, viii, 289. 
NoYara, Voyage of, noticed, xl, 139. 



Oaks, DeCandoUe on fruit of, y, 430. 
Oases, making of, viii, 300. 
Obion river basin, v, 233. 
Obituary : — 

F. Alger, viii, 302, 449. 
P. Berthicr, iii, 108. 
J. B. Biot, iii, 441, iv, 120. 
C. L. Blume, iii, 428. 
M. N. Bivtt, V, 449. 

G. P. Bond, Ix, 235. 
F. Boott, vii, 288. 
W. Borrer, v, 449. 
A. Bravais, vi, 401. 
H. G. Bronn, iv, 304. 
Cappocci, vil, 304. 
S. A. Casseday, i, 155. 
J. R. Chilton, vi, 314. 
A. Clapp,v, 306,450. 
P. L. A. Cordier, ii, 101. 
H. Gumming, xl, 395. 
W. Darlington, vi, 132. 
H. Dauber, ii, 150. 
P. Daussy, i, 268. 

F. Deppe, iii, 437. 
C. M. Dcsprelz, vl, 398. 
W. U. DeVriese, iii, 428. 
L. Dufour, xl, 140. 
Dum^ril, i, 266. 

G. H. Emerson, ix, 373. 
E. Emmons, vii, 15U 
J. F. Encke, xl, 396. 
J. P. Esipy, i, 151. 
H. Falconer, ix, 236, xl, 139. 
H. Fitz, vii, 149. 
Adm. Fitzroy, xl, 140. 
A. E. Fiimrohr, iii, 427. 
A. E. P. de Gasparin, v, 261. 
J. Gay, vii, 292. 
J. W. Gibbs, i, 463. 
J. M. Gilliss, ix, 2^5. 
M. de Grateloup, iii, 149. 

, P. Gratiolet, xl, 140. 
' B. D. Greene, v, 449. 

A. Grossly, xl, 140. 

C. W. Hackley, i, 303. 

E. Uaeusser, i, 461. 

W. R. Hamilton, xl, 396. 

llenckel v. Donnersmarck, ill, 427. 

J. S. Hcn8low,lU,427. 11 



Obituary : — 

K C. Herrick, iv, 159. 
S. P. Hildreth, vl, 812. 
E. Hitchcock, vil, 302. 
Prof. Hochstetter, i, 461. 
W. J. Hooker, xl, 288. 
J. S. Hubbard, vl, 313. 
E. B. Hunt, vl, 450. 
E. Ives, ii, 465. 
E. James, iii, 428. 
Jobard, iii, 108. 
E. F. Jomard, v, 261. 

D. G. von Kieser, v, 449. 
J. F. Klotzsch, i, 461. 
Kupffer, xl, 140. 

M. C. Leavenworth, v, 806, 45L 

J. LeConte, i, 303, 462. 

J. G. C. Lehmann, i, 461. 

K. C. V. Leon hard, iii, 458. 

J. W. Lubbock, xl, 288. 

J. T. Maekay, v, 449. 

N. S. Manross, iv, 452. 

M. Martens, vii, 288. 

S. Masterman, vi, 314, 448. 

0. M. Mitchel, iv, 451. 

E. Mitscherlieh, vi, 451. 

H. B. A. Moquin-tandon, vi, 401, v 
288. 

D. D. Owen, 1, 153. 
T. Parkman, v, 155. 
Parmentier, iii, 113. 
J. Paxton, xl, 140. 

J. B. Payer, i, 267, 462. 

L. P^an de St. Gilles, vi, 402. 

J. A. Pearce, v, 155. 

G. Plana, vii, 304. 

J. T. Plummer, xl, 896. 

H. A. Prout. iii, 453. 

E. Pugh, vUi, 140, 301. 
J. Renwick, v, 306. 

J. Richardson, xl, 140. 

J. Robb, ii, 150, 304. 

H. Rose, vii, 304, viii, 805. 

1. G. St. Hilaire, iii, 149, iv, 123. 
J. v. Salm-Dvek, iii, 427. 

H. R. Schoolcraft, ix, 114. 

G. H. V, Schubert, i, 461. 

H. H. de Senarmoiit, iv, 804, Y, 360. 

M. de Serres, iv, 303, vi, 401. 

C. W. Short, V, 451, vi, 130. 

Silbermann, xl, 288. 

B. Silliman, ix, 1. 
W. H. Smith, xl, 395. 
J. H. Speke, viii, 449. 
J. Steetz, V, 449. 

C. V. Steven, vii, 288. 
I. I. Stevens, i\ , 305. 

F. G. W. Struve, ix, 114, xl, 145. 
W. J. Taylor, vii, 447. 

M. Tenore, iii, 427. 
Marquis de Tristan, III, 428. 
J. Tweedie, v, 449. 
Valenciennes, xl, 140. 
R. B. Van den Bosch, iii, 428. 
L. de Vilmorin, i, 461. 
R. Wagner, viii, 149. 
W. J. Walker, ix, 874. 

G. W. F. Wenderoth, iU, 428. 
T. B. Wilson, ix, 373. 

S. P. Woodward, xl, 288. 
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Object-glass, new achromatic, vl, 446. 
Observatories, new, NickUSy Iv, 135. 
Observatory of Chicago, viii, 148. 
of Harvard Coll., ix, 364. 
Naval, at Washington, ii, 148, v, 146. 
Ocean, depth of, ui, 39, 121. 
motions of, Ferrd^ i, 45. 
saliness ot^ iv, 272. 
Otfele^ on new sulphur compounds, viii, 

5d65. 
Ohio, Newbd'TtPi Flora and Ferns of, i, 
130. 
river basin, v, 230L 
meteorites in, i, 87, ii, 30, viii, 385. 
rain-fall in, ii, 296. 
01], essential, adulteration of, with oil of 
turpentine, Maier^ ix, 273. 
mineral, see Bitrole^mi, 
defiant gas transformed into oi^ganic 

acids, i, 278. 
Oliver on antherology, iv, 282. 

wood-cells of HauiamelidesB, Iv, 284. 
on the Loranthacese, vi, 29L 
Lessons in Botany, viii, 124. 
Optical phenomena of "Silver Spring," 
Florida, Le Oonte^ i, 1. 

subjective, ^ood^ i, 417. 
studies. Dove's, H^xxij i, 109. 
Optics, see Light, Spbctroscopb. 
Ordway^ J. J/., Wetherill on manu&cture 
of vinegar, i, 450. 

waterglass, ii, 153, 887, iii, 27, v, 185, 
Xl, ITo. 

niti-ate of iron, xl, 316. 
Organic acids, ii, 412. 

alkaloids, separation of, iii, 415. 
analysis, carbonic acid in, ill, 415. 

process of, viii, 387, 
bodies, chlorinated, iv, 133. 
substances, dassiticatioa of, by series, 
Schiel, ii, 48. 
Organisms, animal, kinic acid in, v, 291. 
Or&iu of species, ITuxky, vi, 312, JBateA, 

VI, 285, Oiceti, vi, 296. 
Orion, nebula o^ v, 102. 

spectrum of, Hugging xl, 133. 
Omit holoicy of Labrador, (him on, iii, 298. 
Orthoscopic eye-piece, JWfe*X i, 112. 
Osmium, resolution from ore, i, 64. 

specti-um, vi, 267. 
Oudry^ on metallic palntine;, v, 264. 
Owen, D. D., obituary, i, 153. 

GeoL survey of Ind., by, noticed, v, 
154. 
Owen R.^ caverns of Bruniquel, viii, 281. 
on the Awk, viii, 431. 
on Dh ChaiUu'ii collection, noticed, 
11,435. 

on brain of man and monkey, noticed, 
Iv, 188, 440. 

Archaopteryx, vi, 127. 
monograph of the Aye- Aye, vi, 294. 
Antlirakerpeton, xl, 124. 
Oweriy E. KyOn N. Mexico Mines, noticed, 

xl, 391. 
Oxalate of ethyl. Lea. ix, 210. 
Oxyd of eth^iene, I, 277, iv, 130. 

of iron troni lime and magnesia, i, 113. 

of lead, free from copper and iron, I, 

116. 

Oxyds, new metallic, vii, 116, 119. 



Oxyethylene bases, v, 114. 
Oxygen, allotropic form, v. 111. 

fundamental properties, v, 112. 
Oxj'gen, JHeisimer on, vii, 325, viii, 18. 

preparation of, i, 280, 427, v, 288, ix, 

95, xl, 114. 

to counteract gangrene, v, 266. 
Oxygenated beverages, Maumefi4 on, Hi, 

116. 
Ozone and nitrous acid, v, 263 ; Hunt, ii, 
109, V, 27L 

on Insensitive iodid and bromid of 
silver, ix, 74. 

germination affected by, vii, 878. 

Jfewmer on, vii, 325, vfil, 18. 

preparation of, v. 111. 

restores engravings, ii, 275. 



Pacific, earthquakes in, xl, 864. 
exploring expedition, iv, 98. 
guano islands of, Haguej iv, 224. 
Packard's Bombycidaj, mention of, vUl, 

431, ix, 863. 
Painting, metallic, v, 264. 
Paleontology, by J. Bally reviewed, i, 292, 
ii, 430, iii, 127, 280, vii, 137. 
see furthrr, Geology. 
Palmer, on British Columbia, viii, 146. 
IhndeTy on Devonian fishes, vi, 127. 
Paper from maize, viii, 299. 
Parabolic orbits ; Bi-unnow^s method, viii, 

79. 
Paraffin oil, crude, viii, 448. 
Paris Acad, of Sci., ii, 95, vii, 443, xl, 189. 
Carte Agronomique de, v, 270. 
Flore des environs de, vii, 434. 
insalubrity of air of, i, 268. 
mortality in, xl, 139. 
water-works about, vii, 443. 
Birkhnriitj K Jf., elements of asteroid (74), 

iv, 430. 
Birkman, T., action of sulphur and phos- 
phorus groups on solutions of metals, 
Hi, 35.8. 

carbonates of alumina, glucina, etc., 
iv, 321. 
obituary of, v, 155. 
Parmentier, biographical notice, iii, 118, 
Birriah's Practical Pharmacy, viii, 160. 
Birry, C. C, Rocky mountain physiogra- 
phy, iii, 231. 
obituary of E. Jamc&, iji, 428. 
flora collected by, iii, 141, 287, 404, iv, 
249, 330, V, 187, vi, 129. 
Parthenogenesis in plants, vi, 293. 
itwiewr, spontaneous generation, ii, 1. 
on presei*viug animal substances, vii, 
440. 
member of French Academy, v, 808. 
Paullinia sorbilis and its products, vi, 129. 
Paxton, J., obituary, xl, 140. 
Biyeriy des Subsuuices Alimentaircs, 11,104. 
Precis de Chimie industrlelle, ii, 103, 
Payer, J. B., obituary, i. 267, 462, 
P^an de St. Gilles», vi, 402. 
Pearce, J. A., obituary, v, 155. 
Pearls, artificial, iii, 120. 
Ftarne, J. -B., on chlorite group, vU, 221. 
iPeat-sandstoue, Meyn on, v, la3. 
iPebbles, elongated, i, 375, 440. 
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Photographic coUodion, formiil» for, ii, 
42ti, V, 419. 
copying, Emeraoriy iv, 413. 
invisible image, Lea^ xl, 109. 
plate, iodized, action of electric light 
on, vii, 207, viii, 423. 

sensitive, action of light on. y, 286i 
transparency. Miller^ vi, 103, viiij^O?. 
Photographs of spectra, MiUtr. ii, 40& yL 
103, viii, 107. 
faded, yellow color of, vii, 438. 
Photography applied to the niicroecope, 
£ood, ii, 186. 
astronomical, ix, 304, 369. 
developing solution in, FerfiZZ,iz,28L 
dry process in, ii, 426, vii, 123. 
illustrating markings on PlearoslgmA 
angulatum, li, 335. 
magnesium light for, tII, 440, zl|^87. 
Mayer db Piernon on, noticed, T, 209. 
militarj', ill, 120. 
misceliajieous facts in, Ti, 419. 
redevelopers in, vi, 417. 
selenocyanids in, vi, 416. 
silver waste in, vi, 417. 
sulphoeyanid of ammonia la, vi, 417. 
tannin process in, JSntertony iv, 181 
Photometer, Dove's, Sood, iii, 269, vi, 6a 
Physics, interpolation in, iv, 27. 

molecular, Norton, viii, 61, 207, ix, 287, 
xl, 61. 
miiman's Principles of, i, 149. 
see Electricity^ Heat^ Light, Magndim, 
Picramic acid, Lea, i, 188, ii, 210. 
Picric acid, Lea, i, 76, 78, ii, 180. 
Picrotoxine, detection of, LangUy, iv, 109L 
Pictet, F. J., quatemian period, i, 345. 
Pike's Peak, height of, viii, 148. 
Pinani^ on astrophyllite, vii, 272. 
on paracolumbite, vii, 359. 
analysis of poUux, viii, 115. 
garnet of Elba, viii, 277. 
Phenate changed to rosalate of lime, i\y\Pisko^ Die tiuorescens des Lichtcs, ii, UL 
408. I Pittsburgh, gun-casting at, vii, 296. 



i^Vf, documents relatifs an chauffitge, ii, 

101. 
Beirce, C. S., chemical theory of interpen- 

etration, v, 78. 
JVouze, on petroleum, vi, 413. 
I^ndle^on, &. C, earthquakes in Pacific, 

xl,364. 
Penn., magnetic survey of, Bache, v, 359. 

oU region of, Saylea, ix, 100 
Penobscot bay, glacial action in, v, 249, vi, 

274, vii, 335. 
Bircy^a Metallurgy, v, 118, viii, 149. 
Rrkin, H. IK, coloring matters from 
coal-tar, ii, 267, 4ia 
mauve, vii, 413. 
Permeability of iron, vii, 441. 
Permian, see Geoloot. 
Bnrey, A., theory of earthquakes, vii, 1. 
on volcanoes of Kurile Is., noticed, 
xl,272. 
Persia, Khanikoffon, iv, 362. 
Peru, earthquake in, xl, 365. 
Bdermann, on the North Pole, xl, 393. 
Pstern^ on szjiibelyite, iv, 221, vii, 271. 
Bstherick'8 Expedition, iii, 260. 
Petrifaction of animal substances, viii, 441. 
Petroleum, Albert coal related to, ix, 267,- 
856. 

American, constitution of, SchorUm- 
mer, vi, 115, 413: Pdouu and Cahours. 
vi, 413. 
California, SiUiman, ix, 101, 341. 
Chicago, boring at, xl, 388. 
Michigan, geological position of, Win- 
chdl, ix, 350. 
Pennsylvania, ix, 100. 
chem. and geol. hist, of. Hunt, v, 157. 
geol. relations of, Andrews, ii, 85. 
Gestier on, i, 147, xl, 291. 
wells, Evans, viii, 159. 
see further, ffydrocai'bon, AspTudtum. 
Phenamine, ii, 268. 



Phenylic acid changed to rosalic, iv, 408. 

Philadelphia Aaid. Nat. Sci., Journal and 

Proceedings of, i, oOS, iii, 159, iv, 305, 

450, V, 156, vi, 451, vii, 150, 449, viu, 1£2, 

451, ix, 116, xl, 143. 

Phillips's life on the earth, reviewed, i, 444. 
Philosophical apparatus, Ritchie's illustra- 
ted catalogue, i, 804. 
Phipsoii, T. Z , on Sombrerite, vi, 423. 
Phosphate of lithia, Fresenius on, iii, 416. 
Phosphoric acid, ChanceVs determination' 
of, i, 279, 281. I 

in igneous rocks, Schiel, i, 353. i 

Phosphorus, action of, on metieil solutions,' 
iii, 328. 
amorphous, NickUs, iii, 115. 
coloration of flame by, vi, 116, 267. 
cyanid of, vii, 26'J. 
luminosity of, iv, 437. 
series, polyatomic bases ot, i, 420. 
spectrum of, iii, 214, vi, 267. 
Phosphuretted hydrogen, Mose, viii, 313. 
Photographic camera, globe lens for, v, 
319. 

Brewster's improvements in, u,i 
22^ 1 



Plana, Giovanni, obituary, vii, 304. 
Planetary distances, Kirkioood, ix, 66. 

law of, Hinrichs, ix, 144. 
Planetology, Hinrich.^, ix, 46, 134, 276. 
Planets, density, rotation, and relative age 
of, Ui7tnchs, vii, 36 ; Kirkwood, viii, 9. 

inclination of orbits of, to invariable 
plane, Hinrichs, xl, 131. 
origin of, Trowbridge, ix, 30. 
see also Asteroid. 
Plants, dimorphism and trimorphism in, 
iv, 285, 419, vi, 279, ix, 101, 104, Sta 
fossil, of Nebraska, Heer, i, 435. 
see further. Botany. 
Platinum, American process of working, 
atorer, iii, 124. 
from Oregon, metal in, iii, 351. 
metals, v, 256 ; Gibbs, i, 63, iv, 341, vii, 
57 ; Lea, viii, 81, 248. 
Playfair, on density of vapors, iii, 413. 
Pleurodyctium problematicum, v, 82. 
Pleurosigma angulatum, nature of mark* 

ings. Mood, ii, 335. 
Plumnier, J. T., obituary, xl, 396. 
/bey. A., temperature of the Atlantic, Iii, 
268. 
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Poisoning, effects of strychnine and cn-| 
rare antagonistic, ii, 98. 

Polarization of American oil of turpen 
tine, U, 107. 

mechanical, experiments in. Cfuue, xl, 
313. 

Polarized light, instrument to illustrate, 
JSneU, ii, 376. 
reflection of, vi, 109. 

Polyatomic bases of nitrogen, phospho- 
rus and arsenic series, i, 420. 

Polyethylenic alcohols, i, 280. 

Polyglyceric alcohols and anhydrids, ii, 

Polytechnique Association, vi, 407. 
jRijRp, on y ttria, erbium, wasium, viii, 418, 

419. 
Portland Soc. Nat. Hist., Journal, ix, 116. 

Proceedings, v, 295. 
Potash, indirect determinations of, yii, 
844. 

picric acid as test for, i, 75. 
Potassium, bromid of, viii, 267. 

ferrocyanid of, urea from, ii, 179. 
fluohydrate of fluorid of, vii, 355. 
peroxyd of, iii, 273. 
monosuiphid of, on bromid of ethyl- 
ene, vii, 890. 
Pot-holes near Poultney, Vt., xl, 264. 
Potsdam, sec Geology. 
I\mmarhde, new mode of reducing metals, 

viU, 267. 
Prairies, origin of, Dana^ xl, 293. 
JEriglemann, vi, 884. 
LeHquereuXy ix, 317, xl, 23. 
WincheU, viii, ^32, 444. 
Pre^otOL W., species of Chiton, viii, 185, 

431. 
Preservation of animal substances, vii, 
440, viii, 441. 

building materials, vi, 406. 
colors of star-fish, VerrUly ix, 228. 
seeds, viii, 444. 
wood, ii, 274, v, 267, viii, 299. 
Primordial, see Geology. 
Prior's Names of British Plants, vii, 433. 
Priority, note on rule of, iii, 132, vi, 309. 
Prisms, bisulphids of carbon and flint 

glass, Hood, iv, 299, v, 856. 
Prize offered by French Academy^, vii, 443. 
questions of scientific societies, iv,450. 
to Ruhmlcortf, viU, 301. 
to Sorel, viii, SOL 
Propyl-phycit, Cariut on, xl, 115. 
Prota^on, xl, 118. 

Protein substances, artificial, iii, 118. 
Proto-organisms, influence of light on pro 

duction of, ix, 81. 
Protosulphid of carbon, BaudrimorWs^ i, 

281. 
Protozoans, oceanic, related to sponges, 

Dana, v, 386. 
Proui, H. A., obituary, iii, 458. 
Provancher's Flore Canadienne, v, 446. 
Prussian expeditk»n to Japan and China, 
ii, 148. 
meteorological bureau, xl, 288. 
Pseudomorphism and pseudomorphosis, 

i, 273. 
Pteriidse, Meek, vii, 212. 



Pugh, E., obituary, viii, 149, 801. 

Pupa vetusta, vi, 431. 

Putnam'8 Naturalist's Directory, notice of, 

ix, 374, xl, 142. 
Putrefaction, alkaloids produced by, Ti, 

416. 
Pyroschists, history of, Muntj v, 157. 

analysis of, Whitney, v, 160. 
Pyroxiline paper, electrical properties of^ 

Johrmtoriy vii, 115, ix, 348. 



Q 

Quatemian period, i, 345. 

Quairefagoi'it Unite de TEspdce Humalne, 

iv, 128. 
Quebec group, see Geology. 
(^telet, Sur la Physique du Globe, v, 152. 
on shooting stars, reviewed, vi, 145. 
on August meteors, vi. 444. 
Quicksilver mines, New Almaden, SUli' 
man, viii, 190. 

Raddeh Botany of S. E. Siberia, iv, 286. 
Radiation of heat by gases, ii, 106. 

through atmosphere, TyndaU on, vi^ 
99. 
Radicle in plants. Gray, viii, 125. 
Rain-fall in 0., McMiUan, ii, 296. 

following discharge of ordnance, 
Lewis, ii, 296. 
Mammdbberg, Mineralchemie by, noticed, 
i, 354, iii, 204. 
on N. A. meteorites, iv, 297, viii, 425. 
analyses of minerals, viii, 116. 
Ramsay, A. C, glacial origin of lakes, v, 
o<»4. 

transition between Lias and Oolite, 
and between Cretaceous and Tertiary, 
viii, 286, 287. 
Address by, noticed, vi, 278. 
Rand, E. S., heather in U. S., iii, 22. 
Rautenberg, on urine of oxen, v, 291. 
RaveneVs Fungi of Carolina, i, 130. 
Ray-bands, Bunt, v, 891^ 
Raymond, Les marines dc France et 

d'Angleterre, noticed, vi, 407. 
Raynolds, W. F, report of explorations, 

noticed, i, 229, iv, 100. 
Reader, The, noticed, vii, 456. 
Red river basin, v, 224. 
Redevelopers, Blanchard, Simpson, Linwy, 

Liefert, and Waldak, on, vi, 417. 
Redfleld, W. C, and Wm. Reid, Corres- 
pondence of, iv, 442. 
Refraction, atmospheric, ChaUis, iv, 484. 
I of fluid compounds, Landolt, v, 415. 
\RegeVs Monographia Betulacearum, 111,139. 
iRegelation, Gibbs, ij 414. 
\Regnavlt on heat ol elements, iii, 270. 
Reich, on indium, vi, 415, vii, 269, viU, 118. 

on silver in lead, v, 119. 
Reinttch's test for arsenic, deposit on cop- 
per in, ii, 117. 

Werther on, ii, 277. 
Relief, perception of, Emerson, iv, 812. 
Remele, on sulphur compounds of urani- 
um, ix, 344. 

Rendu's Intelligence des b£tc8, noticed, t1. 
407. » • . 
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Ren wick. J., obituary, y, S06. 

Retorts, improved, Zm, iv, 802. 

JBeHberiy L., blood-corpuscles in retina, i, 

835. 
Revolving dislts, appearances produced 

by, Hoody V, 857. 
SeynoldSy selenocyanids in photography, 

vl, 416. 

Rhizopods of the Axoic, vii, 273, 431, zl, 
344, 391. 
sponge-secretions in, viii, 131. 
Rhodizonic acid, iii, 274. 
Richardson, J., obituary, xl, 140. 
Miehter^ on silicon in pig-iron, v, 118. 
desulphuration in puddling, v, 119l 
manganese in iron, v, 120. 
indium, vij 415^ vii, 269, viii, 113. 
i^iZey, j&, titanium m iron, vii, 126. 
Buckie's catalogue of apparatus, i, 804. 
Mtter^a Comparative Geography, xl, 142. 
Robb, J., obituary, ii, 150, 304. 
Bobbins^ mode of preparing oxygen, ix, 95. 
Rock oil, see IHroleum. 
Rocks, Hunt on, ii, 286, vii, 248, viii, 91, 
174, ix, 176. 
phosphoric acid in igneous, i, 353. 
Rocky Mts., FUrry's Flora of, iii, 141, 237, 
404, iv, 249, 330, v, 137, vi, 129. 
physiography of, Birry^ iii, 231. 
period of elevation of, iii, 305. 
primordial sandstone of, iii, 68. 
Moemer's Silurian fauna of W. Tenn., i, 

127, 205. 
Moepper W. 71, thallium in furnace pro- 
ducts, V, 420. 
Gemsbart electroscope, vi. 111. 
Sogers^ H. 2?., age of N. J. Highlands, ix, 

22L 
BogerSj W. JB,^ pebbles in Newport con- 
glomerate, i, 440. 
electric illuminations, vi, 807. 
Bomingei^ C, Waukesha limestone of 
Wis., iv, 136. 
Calamoporae from Mich., iv, 389. 
Pleurodyctium problematicum, v, 82. 
Leptocoelia concava, v, 84. 
Bood, 0. iVl, stereoscopic drawing, i, 71. 
diehroseope, i, 107. 
Dove's Optical Studies, i, 109. 
experiments on lustre, i, 339. 
subjective optical phenomena, i, 417. 
perception of distance and color, ii, 
184. 

application of photography to micro- 
scope, ii, 186. 

markings on Pleurosigma angulatum 
«howu by photography, ii, 335, 
microscopic forms, iii, 65. 
electric spark studied, iii, 219, viii, 361. 
Dove's photometer, iii, 269, vi, 60. 
spectrum by solution of nitrate of 
didymium, iv, 129. 
stereoscopic experiments, iv, 199. 
bisulphid of carbon prisms, iv, 299, v, 
356. 
revolving disks, v, 357. 
action of weak electric light on iod- 
ized plate, vii, 207. 

combination of light of different tints, 
Ix, 254. 
experiment with gyroscope, ix, 259. 



Bood^ 0. JVI, apparatus for producing luster 
without use of lustrous surfaces or 
the stereoscope, ix, 260. 

made professor in Columbia ColL, vii, 
147. 
Roots, function of, Henriei, vii, 136. 
Rosalate, from phenate of lime, iv, 408. 
Rosalie acid, from phenylic, iv, 408. 
Boscoe^ on hyperchloric acid, iv, 131. 
BosCy O.y carbonate of lime at high tem- 
perature, ii, 112, vi, 27a 

isomorphism of silica with deutoxyd 
of manganese, viii, 113. 
Boscy If., contrib. to analytical chemistiy, 
i, 112. 
on columbite, v, 426, vii, 117. 
new series of metallic oxyds, vii, 119. 
obituary of, vii, 304. 
biography of. Dexter^ viii, 805. 
Roseine from coal-tar^ I^rlcin, ii, 270. 
Bosse, on nebulae, noticed, vii, 198. 
Rotation in Saururns cemuus, Sehaffer. 

iv, 400. 
Boumn, on action of light on nitroprus- 

sid of sodium, vii, 408. 
Royal Geographical Soc., Proc. o^ iv, 358. 
Institution of Great Britain, Proceed- 
ings, noticed, vi, 99. 
Society, vi, 103, vii, 100. 

medals of, iii, 155, viii, 144, ix,114. 
Bubidge, B N.. fossil discoveries in Africa, 

xl, 123. 
Rubidia, tartrates of, vii, 70. 
Rubidium, ii, 409, iv, 367, vi, 114, 4ia 
in plants, iv, 407. 
in triphyline, Blake, iii, 274. 
Buhnihorff, prize to, and notice of, viii. 

301, ix, 79. 
Bititkin, e/., action of glaciers, ix, 98. 
Russia, geol. map of, xl, 123. 
Ruthenium, i, 65. 

and ammonia compounds, iv, 133. 
But/ierfurdj L. M., companion to Shius, 
iv, 294, V, 407. 
spectroscope observations, v, 71, 407. 
stellar spectra, v, 407, vi, 154. 
construction of spectroscope, v, 407, 
ix, 129. 
astronomical photography, ix, 304. 

s 

Saccharimeter, Wild, ix, 91. 

to detect adulteration, ix, 278. 
S^mann, L., geological phenomena in so* 
lar system, iii, 36. 
Paris correspondence by, iii, 149, 438. 
Mineral-comptoir of, ix, 372. 
Safely, charcoal formed under pressure, 

viii, 4tl. 
Safety lamp for laboratory, Warren, iii, 

275. 
Safford, J. M., Upper Silurian of West 
Tenn., i, 205 

Cretaceous and superior formations 
of West Tenn., vii, 360. 
Saford, T. H., elements of comet II, 1861, 
ii 259. 
'discovers Niobe (72), iii, 287, 436. 
elements of Clytia (73), iv, 430. 
Sahara, expedition to, vii, 146, 445. 
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Sailing Directions, Maury'a, notice of, yii, 

447. 
St. Francis river basin, v, 227. 
St. Helena, mapietic force at, ix, 316. 
St, HUaire^ I. (?., Synopsis of lectures, 
1850, U, 481. 
System of Zoolo^, iv, 293. 
obituary, iii, 149, Iv, 122. 
St. Louis Acad. ScL, Transactions, vi, 128. 

earthquake at, Au^.. 1865,. xl, 862. 
Sal-ammoniac, vapor density of, vi, 408, 

ix, 346. 
Saliferous rocks of Michigan, iv, 807. 
Salm-Dyck, J. v., obituary, iii, 427. 
Salt, passage of radiant heat through, vii, 
267. 
crystals of Sombrero, xl, 368. 
mine in Louisiana, vi, 303. 
springs of Michigan, iv, 307. 
waters of Alleghany and Keskemine- 
tas valleys, Stieren^ iv, 46. 
Salter, -7. W.y lospils in Lingula- flags, vili, 
122. 
on fossil Crustacea, noticed, vi, 277. 
Saltness of sea, Fvrchhammer on, iv, 272. 
Salts of chlorine, ii, 108. 
Salvhtat, on Ceramic arts of London Ex- 
hibition, V, 268. 
San Juan Exploring Expedition, iv, 98. 
Sandhills of Virginia, Latrobe, xl, 261. 
Sandwich Isl., upheaval of the sea at, i, 
301 

volcano of, v, 296, vii, 415, xl, 122. 
Sanfoi'd, L. /., on the gorilla, iii, 48. 
Sauta^ Chemins de Fo,r, iv, 128. 
Saponification by alkaline carbonates, ii, 

ll7. ^ 

Sarepta meteoric iron, vi, 150, viii, 424. 
8ar»^ marine crustaceans in Norway, viii, 

293. 
SawUcK acetylene from monobromid of 

ethylene, ii, 414. 
Sayles, /., oil region of Penn., ix, 100. 
Scacchi, onpolysymmetry, noticed, xl, 260. 
SchceffeVy G. C, rotation in Saururus cer- 
nuu.-*, iv, 400. 
origin of nitrites, v, 409. 
Scheerer, arsenids of copper, v, 296. 
Schettrer-Kestjier, Th^orie Chimique des 
Types, V, 270. 

on saponification by alkaline carbon- 
ates, ii, 117. 
Schiel, /., phosphoric acid in igneous 
rocks, i, 358. 
classification by series, ii, 48. 
Einleitung in das Studium der Organ- 
ischen Chemie, ii. 111. 
Schlaginttoeit, report on High Asia, no- 
ticed, i, 803, ii, 300, iv, 96. 

configurations of India and High 
Asia, iv, 101. 
Schmidt, M., maximum of Omicron Ceti, 

iv, 431. 
Schonbein, ozone, v. 111. 

nitrite of ammoniam,'v, 118. 
peroxyd of hydrogen, v, 114. 
Schoolcrait, H. R., obituary, ix, 114. 
Scfwrienimer, petroleum, vi, 115, 413. 
Schottj Aroidese, iii, 142. 
Schvberty on name of asteroid (56), iv,430. 
Schubert, G. H. v., obituary, i, 46L 



SchuUz, chemistry of germination, v, 290. 
Sciences, declaration of English students 

of, noticed, xl, 289. 
Scientific ethics, notes on Hall's reply to 

criticisms of this Journal, Editwrs, iii, 

132. 
Review, noticed, xl, 291. 
Scirpi of U. S., new, viii, 289. 
Scott, J., dioico-dimorphism, ix, 101. 
Scott, J. T., earthquake. New Madrid, Aug. 

1865, xl, 362. 
Scott, W, K., change of level in Green 

Mts., viii, 243. 
Scoutetten, electricity of the blood, viii, 110. 

mineral waters, xl» 288. 
Scudder, S. H., Devonian insects of N. B.- 

ix, 357. 
Miamia and Hemcristia, xl, 268. 
Scudo's L'ann^ musicale, i, 155. 
Sea, saltness of, JfTirrch hammer, iv, 272. 
Sea-sickness, physiology of, Bache, iv, 17. 
\Secchi, meteoi-8 of 1860, i, 137. 
Se'dillot, Histoire des Arabes, v, 269. 
Seeds, preservation of, viii, 444. 
Seemann on Fiji Is., noticed, iv, 366, v, 
I 446. 
Sequin, phosphorus and sulphur spectra, 

iii, 414. 
Selenocyanids in photography, MeynotdBy. 

vi, 416. 
Sellers, C, globe lens for photographic 

camera, v, 319. 
Selioyn, sun-autographs, iv, 486. 
Semi-metals, brittleness of, Mcklh, ii, 416. 
Senarmont, H. H. de, obituary, iv, 304, v, 

260. 
Seri meter, i, 273. 

Serres, M. de, obituary, iv, 303, vi, 401. 
Sexes, production of, Thwy, viii, 132, ix, 

criticised by Coste, xl, 139. 
temperature of, Davy on, viii, 448. 
Shasta, Mt., height pf, 'Whitney, vi, 123, 

vii, 81. 
Sheffield Laboratory contributions, i, 281, 
iii, 813, iv, 243, 867, 402, v, 94, vii, 67, 
344, ix, 132. ' 

Shepard, C. U., catalogue of meteoric col- 
lection of, i, 456. 

mineralogical notices, vii, 405, xl, 110, 
L»o. 
on spartaite, ix, 174. 
shooting stars, Nov. I860, i, 137. 
Ship canal near Isthmus of Darien, sur- 
vey report, iii, 296. 
Shooting stars, Olaisher, viii, 483 ; Greg^ 
vii, 445; Newton, ix, 198: Tmning, v- 
149, vii, 445. 

altitudes of, Newton, viii, 185, xl, 
250. 

cosmical origin of, Newton, vi, 145. 
duration of flight of, ix, 370. 
Oreg^s catalogue of, noticed, iii, 
291. 

luminosity of. Marsh, vi, 92. 
radiants of, Ifeis, viii, 296. 
spectrum of, Iferschd, ix, 282. 
of August, Twining, ii, 444 ; New- 
ton, ii, 449. 

of Nov., original accounts o£ la 
former times, Newton^ vii, 877, viii, 5S. 
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Shooting stars, procession and periodicity 
Qt, Newton^ vi, 300. 

of 1565, V, 461. 
Auo:., 1860, i, 136, Ui, 338. 
Nov., 1860, 1, 137. 
March, 1861, iv, 156. 
April, 1861, ii, 294. 
Aug., 1861, ii, 294, 44a 
Oct., 1861, ii, 443, iii, 147. 
Nov., 1861, Tainifig, ill, 146. 
Dec, 1861, ill. 148,* 291, iv, 431. 
186i, in England, v, 461. 
Jan., 1882. Berrick, ili, 290, «91. 
Au«<., 1863, Twining, iv, 295. 
Nov., 1862, Twining, v, 146. 
Dec, 1863, Man<h, v, 302. 
Jan., 1863, Manterman, v, 149. 
Marcli, 1863, Heis on, vi, 445. 
April, 1863, vi, 154. 
Aug,, 1883, vi, 301, 444. 
Nov., 1863, vi, 446, vii, 141, x\ 250. 
Jaly, 1864, Gardner, viii, 295. 
An;;., 1864, Newton, viii, 432. 
Nov., 1831, ix, 113, 229. 
Jan., 1865, ix, 231. 
Aua:., IS65, xl, 284. 
Bliort, C. W., obituary, v, 451, vi, 180. 
ShuJeUU, O. JL, oil-boring at Cliicairo, z], 

388. 
Shumard, B. P.. primordial zone of Texas, 
Bcw fossils, ii, 213. 

on Cretaceous strata of Texas, no- 
ttced, i, 127, iii, 300. 
removal of, i, 124, 294, 460. 
Stemena's |2:a8-furnaces, iv, 277, ix, 232, 344. 
Sierra Nevada, high peal^s of, ix, 10. 

Triassic rocks of, viii, 260. 
Silbcrmann, obituary of, xl, 288. 
Silica iu the higher plants, Johnson, v, 124. 
isomorphism with deutoxyd of man- 
ganese, VI ii, 113. 
SificoB, compounds of, vi, 115, vil, 120. 

cryatalliied, in pig-iron, v, 118. 
Silkworm, see Zoology. 
Silliman, B., obituary, ix, 1. 
SUliman, B., Jr., book notices, Ii, 149, iv, 
444, v, 134, 146, 152, 303, 304, vi, 310, 
311, 447. 
on Qaetelefs Physique du Globe, v, 

obituaries by, v, 155, 306, vi, 312, 313, 
450. 

Webster^* process for oxygen, v, 283. 
spectroscope, v, 408. 
Nat. Acad, of Science, v, 462, 
Vermillion salt mine, vl, 308. 
pyroxlllne paper and gun cotton, vli, 

note on wasium, vll, 116. 
glacial action in Nova Scotia, vii, 417. 
barrel-quartz of Nova Scotia, viii, 104. 
NewAlmaden quicksilver mines, viii, 
190. 
petroleum of California, ix, 101, 341. 
deep placers of S. and Middle Yuba, 
xl, 1. 

Principles of Physics by, noticed, i, 
149. 
Silurian, see Geoloot. 
Silver Spring of Florida, optical phenom- 
ena, JjeO(mtey i, 1. 



Simon, L*Onvridre, noticed, iv,128w 
iSimpium, on redevelopers, vi. 418. 

sulphocyanid of ammonia, ri, 417. 
Sirins, companion of, Rmd^ iii, 286. 
Mutheirfurd, iv, 294, ▼, 407. 
Smith, O,, Hist, of Delaware Co., P*., ix, 

236. 
Smith, H. Ih, binocular microscope, viii, 

illuminator for opaque objects, xl, 
238. 
growing slide for microscope, xl, 941. 
SmUh, J. L., Ohio meteorites, i, 87, viii, 885. 
Ey. and Tenn. meteorites, i, 151, 264. 
Bishopvllle meteorite, viii, 225, 425. 
Atacama meteorite, viii, 386. 
Arkansas meteorite, ix, 372, xl, 213. 
bisulphate of soda, in analysis, xl, 248. 
Smith, R. A., absorption of gases by char- 
coal, vi, 411. 
Smith, W. H., obituary, xl, 895. 
Smithsonian Inst., distributes Nat. Hist 
specimens, ill, 151, 441. 

explorations encouraged by, v, 
236. 

Contrib. to Knowledge, vl, 141. 
Report for 1860, noticed, Ui, 296: 
1861, iv, 448 ; 1882, viU, 150 ; 1863, xl, 289. 
Smyth, C. P., electric currents photo- 
graphed, viii, 423. 
Smyth, W. W., Jurors* Report London 

Exhibition, 1862, noticed, vi, 273. 
Sn^l, E, S.y instrument to illustrate vibra- 
tions in polarized light, ii, 876. 
Snow's proposal to search for Franklin rel- 
ies, i, 57. 

Soap, value of a, Oraeger on, i, 114. 
Social Science Review, noticed, ix, 374. 
Soda, bisulphate of, in analysis, xl, 248. 
hydrate of, vii, 117. 
hyposulphite of, vii, 346. 
indirect determination of, vii, 344. 
manufacture, vi, 269. 
Sodium, acetate of, separating iron and 
aluminum, Oibhs, ix, 60. 

nitro-prussid of, action of light on, 
vii, 408. 
peroxyd of, iii, 273. 
spectrum, v, 408, 414. 
Soil-analysis, review of, Johnson, ii, 233. 
Soils, MUUer on composition of, v, 293. 
Solar atmosphere, analysis of^ Kirchhoff, i, 
103. 
eclipse, July, 1860, i, 139, iii, 145. 
halo described, xl, 394. 
spectrum, iv, 408, v, 413, viii, 415, 416. 
Praunhofer's lines in, v, 411, iz. 
215. 

Kirchhoff^s memoir on, iv, 404, vi, 
266. 

system, constitution of, Le Verrier, ii, 
222. 

feol. phenomena In, ill, 36. 
armonies of, Ktrkwood, vlli, 1. 
history of, Hinrichs^ ix, 281. 
influence of ether in, WUcocHa on, 
ix, 114. 
see further. Sun. 
Solubilities, notice of Storer*8 Dictionary 

of, V, 803, vl, 447 vii, 301. 
Sombrero guano, JtUieny vi, 424. 
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Sombrero gnsao, minerals of, Jtdieny xl, 

867. 
89mder*9 Flora Capensis, i, 128, v, 444, zl, 

125. 
8(mdliau88y (7., influence of mnsic on flame 

of coal gas, i, 416. 
Sordy prize to, viii, SOI. 
Sw America, Agassiz expedition to, ix, 

871, xl, 138. 

explorations in, vli, 88. 
8. Carolina, Bolbrook's Ichthyology of, vii, 

JSblmes's fossils of, iii, 298. 
Spain, Sullivan's Geolo^ of Santanderin, 

topographic survey of, iv, 861. 
I^xtre'a DiflTerential Calculus, ix, 286. 
Species, Bree's book on, i, 449. 

JkCanddle on study of, v, 431. 
Specimens, hardening of fragile or friable, 

yiii, 800. 
Spectra, by solution of nitrate of didymi- 
um.Jiood, iv, 129. 

Kii*chhof8 memoir on, noticed, iv, 
104, vi, 266. 

photographs of, J/tfler, ii, 408, vi, 107, 

projection of, iii, 414, iv, 407, xl, 243. 

of alkaline metals, v, 414. 

of carbon, vii, 408. 

of chloro-chromic acid, viii, 109. 

of elements, dark lines in, viii, 31. 

of fixed stars, xl, 73. 

of hyponitric acid, i, 415. 

of lithium, iv, 407. 

of nebulae, x, 77, 133. 

of osmium, vi, 267. 

of phosphorus, iii, 414, vi, 267. 

of sodium, v, 408, 414. 

of sulphur, iii, 414. 

of thallium, viii, 107. 

solar, iv, 404, 406, v, 411, 413, vi, 266, 
viii, 415, '416. 

stellar, Butherfurdy v, 407, vi, 154. 
Spectral aual^^sis, iii, 414, iv, 403, v, 414. 
by flint glass and bisulphid of 
carbon prisms, iv, 299, v, 356, 408. 

lines, wave-lengths of, vii, 116, xl, 259. 

observations, Butkerfurd, v, 71, 407. 

see also Light. 
Spectroscope, AUt/\ vi, 155. 

Buruen^Sj iii, 440. 

Cooke's, iv, 299, vi, 266, xl, 305. 

IkmatCs, vi, 154. 

Gibbs\ V, 110. 

LUtroupB, V, 413. 

MouMorCiy ii, 105. 

BtUherfurd'a, v, 407, ix, 129. 

8ecchV8, vi, 156. 
J^xke, J. H., explorations of, iii, 259, vii, 75. 

obituary, viii, 449. 
SpenceTy JT., on Education, noticed, i, 304. 
Sphagna of N. J., AwHuy v, 252. 
Spin^ cord, microscopic anatomy of, ii, 

S02. 
Sponge-spiculcs, Julieriy xl, 379. 
Spontaneous generation, Fremy^ viii, 439. 
MfUiet on, v, 270. 
yicJdhy ix, 81. 

Iiuteur'9 researches on, i, 209^ 11,1. 
Bprmg^t blast for laboratory, ii, 4S6. 
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Squall, GUTa memoirs on, v, 299. 
Squier'a documents on discovery of Amer- 
ica, i, 60. 
tropical fibres, noticed, iii, 140. 
Starch, amount of, in seeds, v, 128. 

quantitative determination of, v. 116. 
Star- fish, A. Agassiz on, noticed, id, 129. 
Stars and sun, photometrically compared, 
vi, 76. 
binaiT, orbits of, Kirkwoody vii, 2SS. 
double, MUchelly vi, 38. 
fixed, spectra of, xl, 73. 
in northern hemisphere, ix, 112. 
machine for cataloguing, viii, 166. 
spectra of, V, 407, vi, 154. 
variable, Maxtermany vi, 144. 
variably colored, distance of, xl, 190. 
Algol, minima of, iv, 431. 
n Argus, notes on, vii, 294. 
Mira Ceti, brilliancy of, v, 150. 
\k Herculis, Clarky v, 301. 
Ceti, maxima of, iv, 431. 
StaSy on relations of equivalents, i, 419. 
Stebbinsy 80 years progress of U. 8., ii, 445. 
Steetz, J., obituary, v, 449. 
Stefauy interference in prismatic and dif- 
fraction spectra, ix, 218. 

rotation of plane of polarization in 
quartz, ix, 347. 

motive power of thermo-electric ele- 
ments, xl, 259. 
6fein'« test for fusel oil, i, 114. 
Stereographs drawn by hand, Boody i, 71. 
Stereoscope, experiments with, Buod^ iv, 
199. 
lenticular, improved, Emersony ii, 408. 
perception of relief with, iv, 312. 
distinguishes copies from fac similes, 
i, 110. 

Steven, C. von, obituary, vii, 288. 
Stevens, 1. 1., reply to, CoopeTy i, 302. 

obituary, iv, 305. 
Stevensy M. C, elements of comet, II, 1861, 

ii,266. 
Stewarty sun spots, viii, 141. 
/Siiereuy My salt waters of Alleghany val- 
ley etc., iv, 46. 
Stimpson, Tf., Conrad's Miocene shells, T, 
428. 
diatoms on deep sea bottoms, v, 454. 
genus Diplothyra, v, 455. 
glass coral of Japan, v, 458. 
on a supposed minute Vertebrate 
lower jaw, vi, 299. 
American Melanians, viii, 41. 
classification of Brachyura, etc, no- 
ticed, V, 189. 
Stohmanny urine of oxen, v, 291. 
StokeSy long spectrum of electric light, vi, 

108. 
StdCbay estimation of sulphuric acid In 

salts of alkalies, vii, 122. 
StoreTy F, H.y technical chemistry (notices 
and extracts), i, 115, 118, ii, 114, iii, 277. 
on impurities of zinc, i, 142, ii, 880. 
loss of light by glass shades, i, 284. 
alloys of copper and zinc, i, ^, 428. 
lead in silver coins, i, 480. 
Keroselene, Ii, 276. 

American process of working platl» 
urn, Iii, 124. 
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SUtrer^F.E.^ arsenic eating in Styrla, iii^ldfS. 
Dictionary of Solubilities, notice of, 

V, 303, vi, 447, vil, 301. 

Strahl^ clas8itlc*ation of Brachynra, v, 139. 
Strange, on aluminum-bronze, y, 286. 
Streams, rising of, in Cal., Qibbonn, viii, 187. 
Stretch. R. B.J sliooting stars, Nov. 1864, 
ix,m 

appointed geologist of Nevada, xl, 273. 
Strife of diatoms, SuUivarU and Wormleyy 

i, 12. 
StromeyeTy on sxaibelyite, vii, 271. 
Strontia distinguislied from lime, 1, 113. 
Strontium in meteorite, iv, 407. 
Strove, F. G. W., obituary, ix, 114, xl, 145. 
Strychnine and curare, effects of, il, 98. 
Suez, cutting of isthmus of, viii, 300,ix, 85. 
SvllivarCa Geol. of Santander, viii, 119. 
SvUivmdj W. S.^ Nobert's test-plate, i, 12. 

Musci Cubenses, by, iii, 141. 

Icones Muscorum, by, viii, 291, 429. 
Sulphate of baryta, solubility of, ix, 90. 

of copper, a preservative of wood, ii, 
271. 

of lime soluble in chlorhydric acid, 
JbhnwfLt V, 283. 
Sulphids of alcohol radicals, iv, 133. 

of hydrogen, reaction with, xl, 338. 

of potassium on bromid of ethylene, 
vii, 300. 

of thallium, crystalline, vii, 117. 
Sulphocyanid of ammonia in photography, 

VI, 417. 

Sulphur compounds, new, Otfele, viii, 265. 
of uranium, ix, 344. 
cr}'stallization of, WetherUlj xl, 338. 
cyan id of, iii, 271. 
on solutions of metals, iii, 328. 
spectrum of, iii, 414. 
Sulphuric acid, arsenic in, v, 116. 
estimation of, vii, 122. 
manufacture, vi, 269. 
on hippuric acid, Maier, ix, 208. 
reduced by nascent hydrogen, ii, 
412. 

sulphate of baryta soluble in, ix, 
90. 
Sun and stars photometrically compared, 
Clark, vi, 76. 
autographs of, iv, 436. 
constitution of, MagnuHy viii, 106. 
distance of, vi, 161, vii, 409. 
intensity of action of different parts 
of dislt of, ix, 83. 
measure of heat of, Mayer , vi, 264. 
origin of heat of, Mayer, viii, 187. 
rotation of, magnetic period depend- 
ing on, viii, 420. 
spots of, viu, 141, 142, 420. 
surface of, Dawes, viii, 203. 

Na^myth on, iv, 137. 
sec also, Sdlar, 
Sdrya-Siddhanta, trans, of, i, 298. 
Switzerland, lake-habitations in, iv, 161, 
xl, 135. 



Taconic system, see Geology. 
Tantalum and columbium compounds, 
Jiofie^yiiij 321. 



Tar as a preeervatlTe, KvMnumn, vi, 4(NL 

dyes from, T^kin, ii, 267, 416. 
TaJtnaiWi catalogue of plants of Newcastle 

Co., Del., i, 130. 
Taurus, second nebula in, y, 106. 
Taylor, W. J., obituary, vii, 447. 
Teleeraph, army, Nickles, iU, 119. 

Atlantic and Pacific, ii, 454. 
Telegraph cable, difSLculties in laying, vii, 
440. 

physiol. effects, JVtciW^, iii, 119. 
submarine, Nicklks^ iii, 118. 
Telegraphic Electrique, Breguet, noticed, 

V, 269. 
Tempd, discovers comet, Oct. 1860, i, 186. 
comet, 1, 1862, iv, 430. 
comet IV, 1863, vu, 293. 
Terpsichore (81), ix. 111. 
Temperature in temperate zone, Demiiiy 
v,44. 

observations, method of redncSng, 
Everett, v, 17, vi, 173. 

remarks on Everett's article, Loomk^ 
V, 31. 
of Atlantic, Fbey, iii, 268. 
of sexes, viii, 448. 
Tennessee, Cretaceous and superior form- 
ations of, Safford, vii, 360. 
geol. survey, i, 294. 
upper Silurian, Roemer on, i, 137, 205. 
Tenore, M., obituary. Gray, iii, 427. 
Terbium, Bopp on, viii, 418. 

absorption spectrum of, xl, 260. 
Tertiary, see Geology. 
Texas geoL survey, i, 124, 127, 294, 460. 
primordial fossils of, ii, 213. 
rocks of, Marcou on. Meek, ii, 278. 
Thallic alcohols, ix, 230. 
Thallium, Crookes, ii, 411, iv, 409, v, 273, 
viii, 266; Johnson, vii, 121; Lamy, iv, 
275, V, 273. 
conduetibility and heat of, vi, 113. 
in furnace products, JRoepper, v, 420. 
in certain micas, viii, 420. 
spectrom of, viii, 107. 
sulphate of, vii, 117. 
Thermo-electric batteries, Bunsen, \x, 219. 
Marcus on, xl, 157. 
currents in circuits of one metal, ir, 
435. 
elements, motive power of, xl, 2591 
Thotnson, W., medal to, viii, 144. 
Thorium, atomic weight of, viii, 417. 
Thwy, production of sexes, viii, 133, ix, 
84. 

criticised. Caste, xl, 139. 
Thwaite's Ceylon Plants, iii, 482, xl, 135. 
Tidal wave, Mayer, viii, 397. 
Tides, aerial, Chase, viii, 226. 

theory of, Dennis, vii, 234. 
Time boundaries in geoL history, DoM, 

vi, 227. 
Tissier's process for iron, i, 120. 
Titanium in iron, vii, 126. 
Tolles, R. B., binocular microscopes, viii, 
111, ix, 212. 
orthoscopic eye piece by, i, 112. 
TorreWs Arctic Expedition, iii, 265. 
Torrey, J., octahedral galena, v, 126. 
Totonsendy J. B,ona. large mass of natlTS 
i copper, vii, 481. 
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Tmnsit-obseirationf error of; ix, 113. 
Trc^jpj on veratrln, vi, 268. 
TreadtDell^ />., prize to, xl, 28a 
Triassic, see Geology. 
Triethylamine, i, 422; Lea, iv, 66. 
Trigonometer, Lyman\ iv, 167. 
Trimorphism in plants, ix, 360. 
Tristan, Marquis de, obituarv, iii, 428. 
Troost, vapor-densities, vi, 408. 
permeability of iron, vii, 441. 
on zirconium, xl, 261. 
Trouveioty new American silkworm, ix, 

228. 
Trowbridge, /)., invisibility of nebulous 

matter, vii, 210. 
nebnlar hypothesis, viii, 344, ix, 25, 

118,363. , ^ , ^ , 

Trubner^a American and Oriental Record, 
notice of, ix, 375. 

Tryon, Q. VK, announcement of American 
Journal of Conchology, ix, 116. 

monograph of Pholadacea, &c., no- 
ticed, V, 297. 

Tubularia not parthenogenous, Clark, vii, 
6L 

ThtckermarCs Lichenes Cubae, vii, 436. 

Tucson meteoric iron. Brush, vi, 152. 

TuDgstates, JUarignac on, vi, 113. 

Tungsten, alloys of, vii, 118. 

Tunnel of Mt. Cenis, ii, 101, Ui, 439, xl, 
138. 

Hkinner, on Beesemer's process, v, 421. 
Berg- und buttenmannisches Jahr- 
buch, noticed, vi, 273. 

Turpentine, oil of, adulteration with, ix, 

polarization of, Mahla, ii, 107. 
TuUle, H, F., discovers asteroids, (66) i, 
463, (73) ill, 436. 

comet ni, 1861, iii, 289. 
on Tempers comet, viii, 432. 
Tweedie, J., obituary, v, 449. 
Twinirtg, A. C, meteors, Nov. 1860, i, 188; 
Nov. 1861, iii, 146; Aug. 1862, iv, 295; 
Nov. 1862, V, 146; Nov. 1863, vii, 145; 
Nov. 1864, ix, 229; Aug. 1865, xl, 284. 
periodic meteors, ii, 444, v, 149, vii,445. 
meteoric rings affected by earth, iii, 
244. 
Aurora, Aug. 1865, xl, 285. 
TwinitM, K., ascent of Monte Rosa, iii, 442. 
Tyler, W, B., spartaite, ix, 174. 

syhedrite, xl, IIL 
TyndaU, on radiation through atmos- 
phere, vi, 99. 

on absorption and radiation of heat, 
noticed, ii, 106. 

on Heat as a mode of Motion, noticed, 
Vi, 810. 
Tyrian purple from coal-tar, Rrldn, ii, 
268. 



Unger, on geology of Greece, etc., vii, 79. 
TJnfonidffi, Lea on, noticed, iv, 451, y, 143, 

vi, 139, vii, 436. 
U. S. Army, medical statistics, i, 60. 
Coast Survey, Report, v, 239, vU, 95, 

ix, 115. 



U. S. gOYemment surveys. Hoyden, iv, 06; 
Nat. Hist, contrib., noticed, i, 295. 
Nav. Observatory, ii, 148. 

OUlisa's observations at, v, 146. 
Stebbins's eighty years progress of, 
noticed, ii, 455. 
Upper Missouri explorations, i, 229, ilL 

452, iv, 100, xl, 271. 
Urals, exploration o^ xl, 288. 
Uranium, carbonate of sesquioxyd ofl 
iv, 321. 

separation of, ix, 64. 
sulphur compounds of, RemeU, ix, 344. 
Ure's Dictionary, Supplement, noticed, 

vi, 311. 
Urea, from ferrocyanid of potassium, Xeo, 

ii, 179. 
Urine of oxen in relation to food, v, 391. 
UtHar, on separating alkaloids, iii, 415. 
Utah, wagon-road routes in, iv, 99. 



"Valenciennes, obituary, xl, 140. 

Van Beneden, Belgian bone cave, ix, 223, 

xl, 136. 
Crustacea of Belgium, noticed, viii, 

295. 
Van den Bosch. R. B., obituary, iii, 428. 
Van Hewel, J. A., Indians of Hayti, v, 171. 
Vapor-densities, Playfairoxid. Wa;riicly7i, iii, 

DeviUe, Ii, 408, ix, 346. 
Vappereau, L'ann^e litt^raire et dramat- 

ique, i, 155. 
Variable stars, Masterman, vi, 144. 
Varieties in plants, origin of, Decaiane, Ti, 

432. 
Vegetable ivory, vii, 445. 
Vegetation affected by ozone, etc., Lea^ 
4,373. » > . 

Venezuela, coal in, viii, 288. 
Ventilation at Key West, Hunt, v, 394. 
Venus, light of, compared with moon, xl, 

287. 
Veratrln, Trapp on, vi, 268. 
Verdet, lectures by, noticed, vi, 407. 
Vermont, GeoL repoH, iii, 416, iv, 135, v, 
430. 

red sandrock of, age of, IL 232, 454, 
iu, 100, 106, 370, 421. 
see also Geology, Taconic system. 
VerrUl, A, E., new developing solution, 
ix, 221. 
preservation of starfishes, ix, 228. 
new American silkworm, ix, 228. 
Putnam^s Directory, ix, 374. 
classification of Polyps, xl, 127. 
List of Polyps and Corals, etc., by, 
notice of, vii, 437. 

. Polyps of eastern coast of U. 8., no- 
ticed, viii, 450. 
Vibrating water-falls, Loomis, vi, 852; 

Nickernon, ix, 151. 
Vickers, H. T., mounting insects for ml* 

croscope, vi, 157. 
Vilmorin, L. de, obituary, i, 461. 
Vilmorin-Andrieux, Des fleurs de pleine 

terre, vii, 435. 
Vinegar manufacture, WetheriU on, i, 450. 
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Viollne from coal-tar^ Jh-Jkin, ii, 270. 
Virginia, Appalachian region of, iv, 413. 
creeper, tendrils of, (?ray, v, 446, vi, 
180. 
eandbills of, Latrobe, zl, 261. 
Voeel, HeuglifCn search for, i, 59. 
Vwt^ on excretion of nitrogen from ani- 
mals, vi, 271. 
Volatile hydrocarbons, Warreru zL 89, 
216,384. 
substances, distillation of, vii, 377. 
Volcanic inland in the Caspian, viii, 118. 

npheayal of sea, Sandwich Is., i, 801. 
Volcanoes, in California and Oregon, xl, 
264. 
of Candarave, ascent of, iy, 800. 
of Cotopaxi and Arequipa, slopes of, 
JDono, viii, 427. 
of Etna, eruption of Fouqui^ xl, 122. 
of Kilauea, Coan^ y, 296, yii, 415, xl, 
122. 
of Kurile Is., etc., Berrey on, xl, 272. 
submarine, in Mediterranean, yii, 442. 
of Vesuvius, eruption of, iy, 439. 
Von Helmersen, explorations of, xl, 288. 

w 

Wagner^ J.., Jurassic feathered reptiles, y, 

Wagner, iV:, on larye-buddlng, ix, 110, 362. 
WoffMT, M.-, bniin in ma^ and monkeys, 
bearing upon classitication, iv, 188. 
obituary of, viii, 149. 
Waitz's Anthropology, yii, 149. 
Waldak^ on redeveh'pers, vi, 418. 
Walker, W. J., obituary, ix, 374. 

prizes of BosL See. NaL HisL, found- 
ed bv, xl, 137. 
Wallich, sponge secretions in Rhizopods, 

yiii, 131. 
Walling, H. R, gravitation, xl, 254. 
Walpcrs's Ann. Botan., by Muller, iii, 140, 

xl, 126. 
Walahy B. /)., gradation from individuals 
to spcdes in insects, xl, 282. 

on Dimorphism in Cynips, noticed, 
viU, 180. 
Waatklyn, hydrogen and iron, lii, 272. 
density olvaj-ors, iii, 413, vi, 408. 
TFard, H. A, geol. museum of, iii, 449. 
Megatherium Cuvierl, noticed, viii, 
295. 
casts of fossils by, ix, 224. 
Warner's earthwork, theorems, etc., no- 

Uced, iii, 804. 
Warreriy (J. M.. safety lamp for laboratory, 
iii, 275. 
progess of organic analysifl, viii, 387. 
process of fractional condensation, 
ix, 327. 
volatile hydrocarbons, xl, 89, 216, 384 
Warren, S. M, Descriptive Geom., noticed, 
i, 148. 

elementary Geom. drawing, noticed, 
iii, 303. 
Wasium, viL, 116, yiii, 419. 
Water, climate near, ix, 372. 
in Paris, vii, 448. 

periodic action of, Nvcktrwn^ ^ ^^^l\ 
W«ter-fiaifl,vibratlxi$uI«on^u,^^^ U ^tSft^^S^ 



Water-falls, ylbrating, Mckartton^ ix, lUt 
Waterglass, Ordway, ii, 153, 887, iii, 27, ▼, 

185, xl, 178. 
Water moon rise. Hunt, y, 895. 
Waters, hot, lithium and caesium in, viii, 
447. 
mineral, Scautetten on, xl, 288. 
concentration of, yi, 404. 
of Bath, etc., LyeU, ix, IS. 
natural, chemistry of, Sunty ix, 176, 
xl, 43, 193. 
Watson, J. C, corrections of elements of 
a comet, y, 218. 
Eurynome, vii, 140. 
comet VI, 18GS, yii, 298. 
discovery of new planet, xl, 4S5l 
Waves, earthquake, at Sand*ch Ids., i,80L 
Wax of Myrica cerifera, chemical oontti- 

tution of, Moore, iii, 313. 
Webiiter^« process for oxygen, v, 288b 
Wedddl, sur le Cynomonum cocdneum, 
iU, 139. 
Chloris Andina, noticed, iy, 150. 
Weevils, method of destroying, yiii, 44A. 
Wehrauhe, cyanid of phosphorus, yil,26IL 
Weidemeyer's N. A. Butterflies, yiii, ISS. 
Weights, metric system, y, 302. 

Brit. Assoc, on, viii, 446. 
Weiw, spectrum of hyponitric acid, 1,415. 

on solar spectrum, iy, 406. 
WeHs'e summary of Med. Science, ii, S06L 
Welwitschia, Hooker, yi, 484, xl, 278. 
Wenderoth, G. W. F., obituary, iii, 428. 
Wenham's binocular microscope, i, 110, 

yiii, 111. 
Werther, Reinsch*s test for arsenic, ii, 277. 
WetheriU, C. M., experiments with ammo- 
nium amalgam, xl, 160. 
crystallization of sulphur, etc., xl, 3S8L 
on manufacture of vmegar, noticed, i, 
450. 
Weyl, on carbon in iron, iii, 273. 
Whartoi}, J., distance of yariably colored 

stars, xl, 190. 
Wheatley^ C, M., Mesozoic red sandstone 
of Atlantic slope, bone bed in, i, 801, 
ii, 41. 
Whtder's quartz operators^ hand-book, xL 

290. 
W?telpley, J. J)., treatment of gold and 

other metals, vii, 401. 
White, C. A., rocks of Mississippi valley 
and new fossils from Burlington, Iowa, 
iU,422. 
White, M. C, improvements in micro- 
scope, i, 110, 

spontaneous generation, Pasteur's re- 
searches, ii, 1. 

diffraction in microscopic yision, ill, 
377. 

microscopic organisms in homstone, 
iii, 385. 
White river basin, y, 225. 
Whitfield, JL P., note on Lingula polita, 
iv, 136. 

on rocks of Mississippi valley, etc., 
noticed, iii, 422. 
Whitney, J. J)., height of Mt. Shasta, etc., 
vi, 128, yii, 81. 
on results of geoL sonrey of CsL, viiit 
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WhUnef/^ J. 2>., explorations of Sierra Ne- 
vada, 1864, ix, 10. 

on Upper Mississippi lead region, no- 
ticed, iU, 458. 

geoL survey Reports, noticed, i, 124, 

iv, 167, vi, 118, vii, 82, 427, Ix, 99, xl, 141. 

analyses of pyroschists, noticed, v, 

160. 

Wiehmann, on oxyd of lead free from 

copper and iron, 1, 116. 
WiekA, on estimation of lime, t, 116. 
Wiedemann's Galvanism, etc., II, 110. 
WiederhiM^ on arsenloret of hydrogen, 

vii, 117. 
Wiener^ on atomic constitution of liquids, 

vl,409. 
WUeocks^ on ether In the solar system, 

notice of, ix, 114. 
TF<W« saccharimeter, ix, 91. 
WiU^ croconic and rhodizonlc acids. III, 

274. 
WiUiarM^ C, P., copper range of Lake Su- 
perior, iv, 112. 
WUliam8, 8. W.^ caves and coal near Pe- 
king, viil, 119. 
Wilson, T. B., obituary, Ix, 373. 
Winchdl^ A.^ rocks and new cephalopods 
of Mich., ili, 852. 

saliferous rocks and salt springs ot 
Mich., iv, 807. 
Catskill and Chemung groups, v, 61. 
fossils of Potsdam and Lake Superior 
sandstones, vii, 226. 
mastodon in Mich, vlii, 223. 
currant worm, vlii, 291. 
origin of prairies, vlii, 332, 444. 
oil-foTmation In Mich., etc., Ix, 350. 
drift materials in Mich., xl, 331. 
Winds, causes of, Ferrel, I, 27. 
Wine, changes In, Nickl^^ v, 250. 
Winkler, on cobaltic acid, vlii, 266. 
Windou)^ <7. F.. notices of earthquakes, 

xl,364. 
Wisconsin geoL survey, by HialL 11, 454, 
111,420,455. 
Male's flora of, i, 130. 
Potsdam, trilobltes of, I, 294, li, 149. 
Waukesha limestone of, Iv, 136. 
Widizetttu^ A,, earthquakes of Aug. 1865, 

xl, 8^. 
WittHtein. on estimation of arsenic, vl, 

269. 
Wohler^ on compounds of slllclum, vii, 

120. 
Wolf, spectra of metals, v, 414. 
Wood, preservation of, 11, 274, v, 267, viil, 

299. 
Wood, J.., class book of Botany, II, 127. 
Wood, R, new fusible alloy, ill, 276. 
Woodvoard, O. E., & F. W., Country 

Homes, noticed, ix, 375. 
Woodward, EL, Archreoptervx, v, 131. 
Woodward, S. P., obituary* xl, 288. 
Womdey, T. OL, JNobert's test-plate, etc., 

1, 12. 
Worthen, A, H^ Goniatitc limestone. Rock- 
ford, Ind., 11, 167, 288. 

Leclarc limestone and Onondaga salt 
group of Iowa report, ill, 46. 
IU. geoL report, noticed, 1, 125, iz. 
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Wright, C, Musci Cubenses, !, 141. 
Writingon paper, process for recovering, 

Vlii, <*99, 
Wurtz, oxyd of ethylene, i, 277, iv, 180. 
on new modes of forming hydrocar- 
bons, iv, 131. 
on oxyethylene bases, v, 114. 
Wyman, J., Intusoria in organic solntions. 
iv, 79. 

Mitchlll and Morehouse on respira- 
tion of Chelonia, vl, 141. 

review of monograph of Aye-Aye, 
vl, 294. 

on Development of Rala Batls, no- 
ticed, viil, 129. 



Xylobius, vl, 431. 



Yale Scientific School, contributions, L 
281, ili, 313, iv, 243, 867, 402, v, 94, viL 
67, 344, ix, 132. 

Yazoo river basin, v, 232. 
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APPENDIX. 



I^ew Planet. — Prof. Watson, of Ann Arbor, Mich., announces the dis- 
covery by him of another planet, on the 9th of October. In a second 
letter to the editors, dated Oct. 16th, he adds: "I have just received a 
letter from Prof. Ferguson, from which it appears that the planet discov- 
ered by me on the 9th in'st. was discovered by Dr. Peters at Hamilton 
College on the 20th of September. I did not know of this prior discov- 
ery until to-day. It seems that Dr. Peters communicated his discovery 
to the Observatory at Washington, but so far as I know no further an- 
nouncement was ncade. 

" From a little examination which I have made I feel pretty sure that 
this planet is identical with Sappho @, discovered by Pogson at Madras 
on May 2d, 1864, but subsequently lost. The circumstances of the mo- 
tion of the new planet, as far as 1 have observed it, agree precisely with 
the hypothesis of identity with Sappho, according to Pogson's observa- 
tions from May 3d to May 12th, 1864." 

On Prairies, — On the subject of Prairies, some excellent observations 
are made by H. Engelmann, in volume xxxvi of this Journal, in an arti- 
cle, commencing on p. 384, on the causes producing the diflferent char- 
acters of vegetation known as Prairies, Flats and Barrens in Southern 
Illinois. — J. D. D. 

Meteoriles, — In a pamphlet on Meteorites (Aerolites) by R. P. GaEa 
of Manchester, England, the author presents the following System of 
Arrangement : 

Class I. AEROLITES. 

Order A. Sp. gr. mostly between 1*7 — 3*2, containing little or no 
\ metallic iron. 

^ Group a. Carbonaceous ; blackish, and containing carbon. 

Group 6. Howarditic ; ash-gray, fine-grained matrix, somewhat 
resembling trachyte, and containing imbedded crystals of olivine, 
anorthite, or augite ; outside crust highly resinous and pitch-black. 

Group c, Feldspathic ; containing, or consisting of, a mixture of 
anorthite and augite; crust pitch-black and highly resinous. 
"Eukrite" of Rose. 

Group d. Crystalline; peridotic, sbalkitio, chladnitic ; (magnesia- 
silicates). 

Group e. Vesicular. 
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Order B. Sp. gr. mostly between 3*25 and 3*9. 

Gronp a. Variolitie ; after the manner of the mineral called Variolite. 

Group h, Sommitic ; consi»tinp^ of finely mixed crystalline minerals ; 

•omething after the nature of the ejetited masses of Mt. Somma, Vesuvius. 

Group c. Tufaceous ; mixed; spherules numerous. ) > Porphyritic " 

C| ; composite, crude, <fec ) of Shepard. 

Cj ; brecciate<l, marbled. Arc. 
Group (f. Psammitic ; arenaceous, like sandstone, granular; color 
yellowish or brownish white; particles chiefly olivinoid ; metallic parti- 
cles freely and vi<<]bly interspersed, occ-asionally with the addition of mag- 
netite and giaphite, or veined and stained with rust; Bacbraut may be 
taken as the type. Polished surfaces show more or less of spherules. 

(f I ; ditto, very fine-grained texture. 
<f 2 1 ditto, grayish; texture more compact or tough; 
Kew Concord and Lixna may be taken as types. 

Group e. Ckondritic ; structure coarse-grained, grayish. 

«j ; oolitic Of pisiform. 

^2 \ containing small angular crystalline fragments. 
Group/. Blawskitic; after the manner of the Biansko meteorite; 
color grayish blue, occasionally running into c or d^\ probably contains 
more Labradorite or augite than d or cfj* Texture rather uniform. 

Group A. JSrxUbenetic ; texture fine-grained, tough, and gritty ; 
highly peridotic and metalliferous, with a slight bronze-like luster ; this 
represents quite a peculiar group, of which the Erxleben meteorite may 
be taken as the type. 

Class II. SIDEROLITES. 

Order C. Sp. gr. 4*0 — "/'O meteoric iron, containing, or mixed with, 

stony matter and silicates. 

Group a. Pallasites ; olivine, coarsely crystalline. 

Oj ; ditto, finely crystalline. 
Group ft. Partially or irregularly mixed with silicates. 
Group c. Containing aerolithic fragments, imbedded in iron showing 
Widdmannstattian figures. 

Class IIL METEORIC IRONS, oa AEROSIDERITES .* 
Order D. Sp. gr. between 7-0 and 8 0. 

Group a. Agrammic ; without line-markings, not lettered when 
etched with acid. 

a J ; nacreous, pearly lustered. 
a 2 ; spotted, or dotted. 
Group 6. Microgrammic ; minutely marked. 

Group c, Eagrammic; distinctly marked; lines parallel to the sides 
of the octohedron. 

Group d, Spora-grammic ; scattered lines, finely marked. 

rfj; ditto, coarsely marked. 
Group e. Nephelic ; convoluted, or clouded markings. 
Group/. Undetermined; markings doubtful, or altered by artificial heat 

' Frequently containing imbedded portions of pyrites, magnetite, graphite, and 
sehreibersite. 
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